J MONOGRJPH FROM 

THE WAITE AGRICULTURAL RESEARCH INSTITUTE 



SOIL AND PLANT ANALYSIS 



.Vsrr®,-- ' 


Hi.' 





SOIL AND PLANT 
ANALYSIS 


tA Laboratory Manual of Methods for the 
Examination of Soils and the Determination , , 
of the Inorgmk Constituents of Plants 

BY 

a s. PIPER, D.Sc. 

CHEMIST, WAITE AGRICULTPRAL RESEARCH INSTITUTE 
UNIVERSITY OF ADELAIDE 




THE UNIVERSITY OF ADELAIDE 
ADELAIDE 
^ ’ •i” 1944 


first Impres8io% 1942 
Second Impression, 1944 


Registered at the General Post Office, 
Adelaide, for transmission by post at 
a book 


Wholly set np and printed in Australia 
at The Hassell Press, Adelaide 




mmi: FMNT ANALYSIS 


Asiiingof plant '^m^terials, 258 
difficultly soluble silicates^' 
259 ■ 

dry ashing; 263 

wet digestion, 27 1 

with lime, 268 

with niagnesmin acetate, 268 

with sodium hydroxide, 269 

with sulphuric acid, 266 

Bismuth 

interference with copper 
determination, 328 
test for absence of, 337 
Boron, 313 

^Calcium, 276 
Chlorine, 296 
Cobalt, 317 
Copper, 327 

Diphenylthiocarbazone 

for determination of cobalt, 

for cBicrm nation of copper, 
327 v 

for determination of zinc, 
351 

general considerations, 307 
purification, 332 
stability, 309 
strength of solutions, 310 
Dipyridyl method for iron, 342 
Dithizone Diphenylthiocarba- 
zone 

Dry ashing, 263 
Iron, 338 

Magnesium, 276 
Manganese, 344 
Moisture, 263 
Molybdenum, 348 

Nitric-sulphuric acid digestion, 
271 


Nitric-sulphuric-perchloric acid ; 
'digestion, 272, 274 

Nitroso-R-salt,, reagent for cobalt, 
318 

Perchloric acid 

digestion, 272 
micro-digestion, 274 
redistillation, 306 
use of sodium perchlorate, 
261, 306, 331 

Periodate method for manganese, 
346 

Phosphorus, 291 

Plant samples 

collection, 251 
contamination with soil, 253 
contamination with trace ele- 
ments, 253, 256 
drying, 252, 263 
grinding, 255 

Polarographic methods 
cobalt, 318 
general, 312 
zinc, 350, 354 

Potassium, 284 

Purification of reagents 

dithizone extraction, 305 
recrystallization, 305 
redistillation, 304, 306 

Quinalizarin method for boron, 
316 

Redistillation 
acids, 306 
water, 304 

Silica, 264, 276 

Sodium, 288 

Sodium diethyldithiocarbamate 
for determination of copper, 
328 

in determination of zinc, S60 

3^7 





Sodium fluoride 

^ purification by dithizone ex- 

S'06 

use instead of h 7 drofluoric 
acid, 306 

Sodium Perchlorate 

purificatioDb.'^ by dithizone ex- 
trac|ion,^ 306 ■ , , ^ 

use in place of perchloric acid, 
261, 306, 331 

Spectrochemicai methods 
boron, 314 
cobalt^' 318 
c^per, 331 
general, 311 
mangance, 344 
molybdenum, 348 
zinc, 352 

Sulphur, 299 

■ : lifer - 


Thiocfaiate m^od 
for iron, 340 
for molybdeiwii, 349 

Trace ekmenfs , 

contamination with, during 
grinding, 256 
containiiMtbii with, during 
sampling, 253 
jn chemical glassware, , 303 , 
351 

. $■ 

Wet digestion 

micro-method, 274 
with nitric-sulphuric acids, 

^ 271 

with nitric-sulphuric- 
perchloric acids, 272 

Zinc, 35'0 ' 


PREFACE 


In 1928, in order to secure greater co-ordination betvsreen 
the various laboratories in Australia engaged in advisory or 
systematic work on soils, the methods then in use at the Waite 
Institute were published by Professor J. A. Prescott and the 
present author (Methods for the Examination of Soils, 
C.S.LR. Pamphlet No. 8). The methods which were given 
in that publication were those selected as the result of critical 
studies, carried out on Australian soils in the chemical labora- 
tories of the Waite Agricultural Research Institute and ten- 
tatively adopted for use. They were published to serve as a 
basis for discussion, so that some measure of standardization 
of the methods in use in the various Australian laboratories 
could be reached. . » 

Since that publication the present author has had many 
valuable discussions with chemists working throughout Aus- 
tralUlandjjlew Zeal and, as well as in other parts of the world. 
iMuchjJ^^mnal riie chemical and physical 

yso ^^ Whe chemical analysis of plant mate- 
IriaraBl^j^en ‘:',Ay his colleagues in the Department' 
of Agricviiiitral Chemistry of the University of Adelaide and 
the Division of Soils of the Council for Scientific and Indus- 
trial Research. Thi^ additional experience has led to many 
amendments in the original methods, to make them applic- 
able, generally, to the wider range, of soils encountered, while 
new methods have been added, for determinations not pre- 
viously included. As a result' of the favourable reception 
accorded to the earlier publication, and in response to 
numerous requests, it has been felt desirable to compile a new 
edition of the methods in use, incorporating the additional 
material available. With the exception of two or three o£ 
the less common determinations, all of the methods included 
in the present publication are in actual use in the laboratories 
of the Waite Institute and can be recommended to give ac- 
curate and reliable values for a wide range of samples. 
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^ INTRODUCTION 

The choice of the analytical method for any given deter- 
mination depends upon several factors, particularly the pur- 
pose for which the analysis is required. The chemist, called 
upon to undertake the examination of soils or plant materials, 
without previous experience in this branch of analytical 
chemistry, is confronted with a vast array of methods in the 
literature, frequently with little indication of their applica- 
bility or relative value. The methods may be physical, chemi- 
cal, or biological. In the final choice, accuracy and repro- 
ducibility of the values obtained should be of first importance 
and the results should be directly comparable with results ob- 
tained in other laboratories. The methods selected should 
be such that, with proper equipment and organization, large 
numbers of analyses can be readily carried out, if necessary, 
as foi|instance in soil surveys. 

In manllljlmratorie^npirical methods have often been de- 
vel(M||dfl^°^| tirii^P^ther. in connexion with particular 
wB^- Jpidity has been a prime essential in * 
the me^c”^opt^ w hile these methods have frequently* 
yielded valuable data in the particular problems for which 
they were first proposed, they have too often been adopted by 
other workers for entirely different soil types or used under 
entirely different conditions. It is not, therefore, surprising 
that under such conditions they often gave erroneous and con- 
flicting values. Empirical methods should only be used when 
the conditions can be completely standardized and it is known 
that there are no disturbing factors affecting their accuracy. 

In the following pages a selection of methods is given for 
the chemical and physical examination of soils a,nd the chemi- 
cal determination of the inorganic constituents of plants. 

It is desirable that the results of all soil analyses should be 
expressed on an oven-dry basis, instead of the air-dry basis, , 
before publication. With the exception of the moisture cx)n- 
stants, which have always been expressed on an oven-dry 
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i basis, to facilitate direct comparison with each other, it has 
been a frequent practice in the past to express results as a per- 
centage of the air-dry soil. Since oven-drying changes many 
of the properties of a soil, it is seldom desirable or permissible 
to use oven-dried samples for the individual determinations 
and the results obtained in the laboratory will continue to be 
determined on an air-dry tesis. Their recalculation to the 
moisture-free basis is, however, a simple operation. 

The exchangeable ions should always be expressed in terms 
of milligram-equivalents per 100 g. of oven-dry soil, usually 
abbreviated to m.e.%. The method of expression in milli- 
gram-equivalents is now universally accepted. The milli- 
gram-equivalent, or milli-equivalent as it is sometimes called, 
is the chemical equivalent or combining weight of the ele- 
ment or radical, expressed in milligrams, i.e. it corresponds 
to the gram-equivalent weight divided by 1 ,000. This method 
of expression facilitates the comparison between the amounts 
of the different ions presentj for if such values as 0 * 040 % Ca, 
0‘056% CaO, O' 024% Mg, and O' 046% Na are exmessed 
in milligram-equivalents per cent., iH^t once they 

all represent the same chemically ^Sbfiif^he 

• , different substances, since each corl ^s tif 

Ipthe sake of uniformity, and to fadlm Sompa. , «rtth the 
: * exchangeable ions, values for water soluble salts should also 
he reported in milligram-eqxiivalents per 1 00 g. of soil. 

I " The results of plant analyses are always expressed on the 
‘‘ basis of the oven-dry material. It is desirable to express the 
results in terms of the individual elements, rather than the 
I co^esponding oxides. 

' ; j , In many fertility problems the information gained from a 
study of the ‘soil can be conaderably enhanced by the analysis 
of the plants growing on that soil. Although several chemical 
methods have been proposed at different times for the deter- 
mination of the availability of the plant nutrients in the soil, 
none of these methods gives results sufficiently reliable to 
meet with general acceptance. After all there are many 
fectors which must be conddeiM in connexion with the 
general question of availability. The absolute concentration 
3f the nutrient in the soil solution is not the onlv imnortant 
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factor involved. The rate at which further supplies of the 
nutrient are released by the soil, when this static equilibrium 
is disturbed, is also important. The latter is undoubtedly af- 
fected by the total amount of the plant nutrient, the chemical 
and physical form in which it exists in the soil, the soil reaction, 
and by many other factors, which are not so well known. It is 
improbable that any simple form of chemical analysis can 
simulate the conditions existing in the soil throughout the 
period of active plant growth and so give a reliable measure 
of availability under all conditions. For this reason many of 
the methods used to assess the availability of the plant 
nutrients are biological, rather than chemical, and make use 
of the plant itself to measxire availability. Such methods 
include the well-known Neubauer, Mitscherlich, and 
Aspergillus methods. It has been found impracticable to 
include these biological methods in the present monograph. 

The analysis of a range of plant species growing on a given 
soil type can prove a useful guide to the relative availability 
of the diflFerent mineral elements in that soil. Plant analysis 
has b^ffli found particularly valuable in regard to the avail- 
ability_o| <Ji4^ce ejgi-nerjts such as manganese, copper, zinc 

^^T^S^^j^ihatic^l^^he mineral constituents of plants is ^ 
of importaxxce in connexion with many fertilizer investiga- 
tions. It has become of even greater importance in recent 
years, on account of the many animal nutrition problems asso- 
ciated with defidency diseases. ^ 

Up to the present, interest has been mainly centred in thfj 
amounts of the different elements present in plants, thesg 
being an indication of their relative availability in the soi^jj 
Little is as yet known of the functions of many of tl^f 
elements, particularly the trace elements. This will requiat 
more knowledge on their distribution in different parts of 
plant. For this purpose the present methods may not alw'the 
be sufficiently sensitive, particularly when the size of 
sample available makes the absolute amount of the elenrj to 
to be determined extremely small. The present methods the 
frequently capable of determining extremely minute amtg foj. 
but, for some purposes, it will be necessary to develop 


more sensitive miao-methods and use even greater refine- 
ments in technique. 

Throughout the methods given in the following pages, 
when reference is made to concentrated reagents the following 


strengths are luiderstood: 

Concentrated sulphuric acid .... S.G. 1'84 

Concentrated nitric acid S.G. 1 '42 

Concentrated hydrochloric acid . . S.G. 1' 18 
Concentrated ammonia . . . . . . S.G. 0*91 


When reference is made to diluted reagents the numbers 
used indicate the proportions of reagent and water used for 
diluting it. For example, dilute sulphuric add (1 +4) 
means one part of concentrated sulphuric add mixed with 4 
parts, by volume, of water. ' 



PARTI 


CHAPTER 1 

, THE COLLECTION AND PREPARATION OF 
SOIL SAMPLES 

’^Field Methods. 

iThe purpose for which the soil sample is required primarily 
determines the method of sampling. Where the sample is 
to be representative of a given area of land it is necessary to 
take a number of samples scattered uniformly over the field 
or block to be examined. Such composite samples are required 
in sampling experimental plots, but are of little or no value 
for soil survey purposes! Here the basis of sampling is the 
soil profile and no attempt should be made to secure a mixed 
samj^ representative of a given area. The sample is in- 
tendii to represent soil conditions at some particular point 
on thft^ap a'(T this- position must be carefully selected so as 
1j^l|i|ly rej^^entative fi the soil formation which has been 
^efiritSfe-o!^ previous bores over the area. | To determine the 
nature and magnitude of the natural variations from type a 
number of independent samples should be collected. I 
*» Under Australian conditions the ordinary post-hole auger 
of commerce has proved a most useful sampling tool. It can 
be obtained in sizes down to three inches, but the four-inch 
size is the most useful. Its combined cutting and digging 
edge makes this tool the most serviceable for general use in 
hard ^ound. | The stem should be marked at intervals of 
three inches so that the depth of sampling can be ascertained at 
a glance. The main objection to the use of this auger is the 
fact that the diameter at the top is slightly larger than at the 
bottom, thus causing slight contamination of the lower 
samples. In soil surveys this auger is extensively used to 
determine the nature of the soil and the character of the 
deeper layers of the profile. It is used to select the site for 
taking the type sample. % 
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should be taken from the face of a freshly dug pit, sufEciently 
deep to enable the different horizons in the upper part of the 
profile to be easily examined and clearly differentiated. This 
method of sampling also avoids contamination of the sample 
with soil from the overlying horizons. Except in the case of 
the surface layer, no attempt should be made to obtain a 
sample representing the average of the whole of a horizon, 
since the limits of each horizon are diffuse, gradually merging 
both in physical and chemical properties into the horizons 
above and below it. The soil sample taken should represent 
that part which is typical of the horizon, and this is usually 
obtained by marking the full extent of the horizon and samp- 
ling a layer several inches in depth near the centre. Deeper 
samples of the C horizon, below the bottom of the pit, may 
be taken by means of a ppst-hole auger. 

The following is the method used by the Soils Division of 
the Council for Scientific and Industrial Research: 

Carefully choose the site of the pit, taking into considera- 
tion^round cover, micro-relief, degree of eroaon, surface 
draiSIge, proximity to trees (if in open country), and all 
oth^ f actors likely to affect the soil in comparison with the 

t ptf^mype i(^ intended to represent. It is desirable to put 
owA^ftrial hole with a post-hole auger to ensure that the site 
is satisfactory. By means of suitable bearings, fix the position 
of the pit on the map. 

As far as possible dig the pit so that the sun shines on one 
end at the time of sampling. The depth of the pit will vary 
with soil type and sampling requirements. If possible make 
the depth sufficient to expose the C horizon of the soil. In 
deep soils use an arbitrary depth of 3-5 feet. The main con- 
sideration in these soils is that the Ba horizon should be pene- 
trated. Sample layers deeper than the bottom of the pit by 
means of a 4-inch post-hole auger. 

Clean one face of the pit carefully with a spade and note 
the succession and depth of each horizon. Pick the surface 
with a knife or edge of the spade to show up structure and 
define coloim and compactness. Before sampling dear away 
all litter and plant material on the land surface, but do not 
remove grass roots or organic material' embedded in the A 
horizon. 
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. Take the fost sample to represent the whole of the surface 
horizon, to the depth of the first distinct change in colour or 
texture Sample each horizon below this by cutting steps in 
the pit face and removing a portion of the layer, typical of the 
horizon, without attempting to include its full depth. FoL 
example, take a band, about 4-5 inches thick, out of the central 
f«rt of a horizon 8 m Jes thick. By di^rdkg an inch?r1;^o 
at the junctions of the horizon the transitional phases are 
effectively excluded from the sample. 

Pkce each sample, together with a slip of paper identifying 
soil, m a numbered calico bag for transport to the labora^ 
Sunt constitutes a suitable 

In deep profiles take further samples for general descrin 

Sn ° ^nd for pH and^salt determinL 

tions, by boring into the bottom of the oit with rvYof h i 

SeSR^cord ^d^'i^Trl^H substratum,” is 

readied. Record a detailed descnption of the orofi I p Lrf 

jjmples Uken, i„ the field notebook or on ffem Sh S; to 
ruT- « diffetSrfo Sf 

toZ? terms- m the description of some ’of tlf^^ 

Clear, gradual, or diffused. Straight, „r 

; ; I ; md Oyp^: Slight, low, medium, or high 
: i : : Slight, low, medium or hill. 

Granular, cloddy, nuttv WppW ,.1 
, Ptoey. (The t^ of Jmcking>”Ste “nSdr”””^’ “ 

Rented. ZTortr.. Soft, plitic, sticky, S,’ o^StS^’”^ 


^ Sr f*' r“ Laboratory. 

: stout sheet of brown paper, to tomHIrX ^ f d”" '“"Z 

sample m a mortar under such cDuditioufSarhe 
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particles are crushed but no actual grinding or break-down of 
the ultimate particles o£ the soil occurs. |Effective grinding 
can be carried out by pounding and rubbing the soil with a 
wooden pestle in a large iron mortar or, in the case of heavy- 
clay soils, by grinding the soil in an end-runner grinding mill, 
fitted with a pestle of hard wood and a rubber lining to the 
mortar. ? 

SHEET USED BY SOIL SURVEYORS FOR THE FIELD 
DESCRIPTION OF SOIL PROFILES 


Soil No Date.. 

County.,... Parish. 

Portion 

Genetic Type 

Geographical Landscape 


Geology 

Micro Relief 

Drainage 

Native Vegetation, 

Cul^ 

Rennes 


State 

Survey. 


Soil Type. 


Elevation..... — 





i 

■ o ,| 

«> 3 1 

2 

B 

y 

Consistence 

g M 1 

CO 

d . 

CO 

Dry 1 Moist 


C.S.LR. Division of Soils Collected by. 


Sift the soil through a sieve with round holes 2 mm. in 
diameter and return the coarse material to the mortar for 
further crushing. Repeat the screening and crushing of this 
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residue until all aggregate particles are fine enough to pass 
the sieve and only stones and organic residues remain on it. 
Before discarding, weigh this coarse material to determine the 
proportion of “stones and gravel” in the original sample. 

Weigh the “fine earth” which has passed through the 2 
mm. sieve, mix thoroughly, and store it in a suitable sample 
bottle. For identification, place a label in the bottle as well 
as on the outside. 

For special determinations, for which it is necessary to 
weigh out small quantities of soil, e.g., organic carbon and 
calcium carbonate, it is desirable to use material that has leen 
ground more finely than the main sample, so as to reduce 
sampling errors. For these determinations grind a portion of 
the sample until as much as possible will pass through a screen 
having round holes 0*5 mm. in diameter. Mix any hard 
material remaining on the screen back into the finely ground 
sample. 

jOn account of the importance which is now attached to 
traces of copper, zinc, and other heavy metals in soils, c^per 
and brass utensils must be avoided during the grinding -and 
handling of the soil sample. This applies particularly to the 
use of brass sieves. Excellent sieves can now be obta^*^l ip*S 
stainless steel in certain sizes. Aluminium or ordini-^ iron 
^(not galvanized) are useful alternatives, although the former 
is somewhat soft to withstand rough handling and the latter 
is liable to rust unless kept dry. j’ 

j Nitrate, nitrite, and ammonia determinations ,miKt be 
carried out on soils straight from the field. Air-drying of 
these samples is not permisable. The procedure for the 
handling of these soils is given in Chapter XI. 



CHAPTER n 


HYDROGEN ION CONCENTRATION, CONDUG- 
TIVITY, AND WATER SOLUBLE SALTS 


These determinations are considered together since soil 
reaction, chlorides and conductivity are most conveniently 
carried out on the one soil suspension. Mechanical shaking 
of the suspension is necessary to obtain equilibrium between 
the soil and water for the conductivity determination, and it 
is also desirable for the determination of soil reaction. For 
many soils its adoption gives more reproducible pH values 
than those given by the one minute shaking so frequently 
used. Total soluble salts are determined by a conductivity 
method, chlorides by electrometric titration of an aliquot of 
the suspension, and hydrogen ion concentration potentiomet- 
rically on the balance of the suspension. Filtration is un- 
necM|ary for any of these determinations. This combination 
of a® three determinations is most convenient when large 
nu mjggr s of soils require investigation. However, for the con- 
«ej^|Ke of those who have to make occasional determinations 
*6nly Alternative methods are given. ♦ *' 

Up till recently soil reaction has always been determined in 
dilute aqueous or normal potassium chloride suspensions. ..The 
introduction of the glass electrode has made possible the de- 
termination of hydrogen ion concentration in soils of much 
lower moisture content than was formerly feasible. McGeorge 
(11) has developed the spear type glass electrode and deter- 
mines pH in soils at field moisture content (p. 26). 

Preparation of the Soil Suspension for the Routine 
Determination of Conductivity, Chlorides and 
Soil Reaction. 

By means of an automatic pipette, transfer 100 ml. of « 
aerated distilled water into a 200 ml. wide-mouthed hard 
glass bottle and add 20 g. of soil. Stopper, shake mechani- 
cally for one hour, and then place near the conductivity appa- 
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ratus to attain constant temperature. Prepare each soil sus- 
pension in duplicate and carry out the determinations of con- 
ductivity (p. 32), chloride (p. 44), and pH (p. 15 or p. 19) 
in the order named. Unless conductivity and chlorides are 
determined before determining the hydrogen ion concentra- 
tion, some potassium chloride is certain to find its way into the 
suspension and lead to high salt values. 


.v; 


HYDROGEN ION CONCENTRATION 


The hydrogen ion concentration of soils can be determined 
either by measuring the potentials developed in a suitable 
electrical half cell or by the colours ^ven with suitable indi- 
cator solutions. The problem of determining soil reaction 
el^fcrometrically falls into two distinctly separate parts, 
namely: 

the preparation of a sod: water suspension in which the 
pH is to be determined, and 
the coirect measurement of pH in a properly prepared 
soil: water suspension. 

The latter includes those difficulties commonly ref erre(^) as 
electrode errors. The proper determination of ‘soil reaction 





laboratories are to be strictly comparable. 

■ 

the preparation of the suspension. 
f'br most European soils contact for one minute between 
sod and water before making a determination has been 
lent to give the equilibrium value. Many Australian 
S(h1s fad to reach equilibrium with the same rapiffity and, for 
these soils, mechaniial shaking of the soil and ivater is essen- 
tial, if reproducible values are to be obtained. Equilibrium 
is nearly, always reached by shaking for one hour, and this 
Deriod has been adopted for all sods. Many of the electrode 
irift^ ob^rved when the’ suspension is made without mecha- 
ucal shaking) can be ^ed to lack of attainment of equi- 
ibriiun between the aid and suspenaon. 

Partiailar cate must be taken with light sandy soils, and 
|di^i^yba^ buiie^ SOd^'lo avoid alteration of the pHt" 
firing the ;^p^tida6f. fib; suspension.; All distdled water 
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used should be brought into equilibrium with the atmosphere 
by bubbling air through it for 24 hours. The air should be 
drawn from outside the laboratory building. Ordinary dis- 
tilled water contains variable amounts of carbon dioxide and 
this would affect the hydrogen ion concentration, particularly 
in the case of light soils. Poor quality glassware also intro- 
duces errors through the solution of significant amounts of 
alkali. All glass apparatus, including the bottles used for 
shaking, should be made from borosilicate or other non-alkali 
glass. 

Alkaline suspensions become less alkaline on standing, due 
to the absorption of carbon dioxide from the atmosphere. To 
avoid this error, suspensions should be covered, if left stand- 
ing for any length of time. 

The hydrogen ion concentration varies considerably with 
changes in the soil: water ratio and it is most important that 
the ratio adopted be standardized. One part of soil to five 
parts of water was used by most workers with the hydrogen 
decide, and this ratio is still widely used in America with 
otheSlelectrode systems. Biilmann and Jensen (4) used a 
1 : 1 soil: water ratio with the quinhydrone electrode and the 
&)il#j|^ction Committee of the International Society of Soil 
recommended the adoption of a ratio of one part 
of soil to 2'5 parts of water. A 1 :5 soil: water ratio has been 
in general use for soluble salt determinations. Since mechani- 
cal shaking has been found to be essential in the preparation of 
the suspension for pH measurements it is preferable to com- 
bine the two determinations (soil reaction and total soluble 
salts), standardizing on the ratio of one part of soil to five 
parts of water for both. This ratio has been adopted for all 
determinations by the C.S.I.R. Division of Soils. 

The pH value determined with a 1 :5 sod: water ratio does 
not differ greatly from that at a 1:1 ratio. In general it is 
about O' 1 to 0'3 pH units higher in the more dilute suspen- 
sion. In acid soils this increase in pH value is largely a dilu- 
tion effect. In neutral and alkaline soils the increase in dis- 
sociation, resulting from the dilution of the soluble salts by 
the increased volume of water, is probably the most important 
factor in giving a higher value, for Puri and Asghar (12) 
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v' lO 

have shown that even small amounts of neutral salts appre- 
ciably alter the pH of the suspension. 

Some analysts prefer to determine soil reaction in suspen- 
sions made with a normal solution of potassium chloride in- 
stead of water. Values obtained in such potassium chloride 
suspensions are generally about i‘5 units lower than in 
aqueous suspensions. The pH values determined in N 
potassium chloride suspensions appear to be less influenced 
by changes in biological and meteorological conditions and 
thus measure a more permanent characteristic of the soil. The 
seasonal fluctuations are largely associated with variations in 
the salt content of the soil. The concentration of potassium 
chloride used masks any effects due to the small and variable 
amounts of salts naturally present. However, the conditions 
in potassium chloride suspension are purely artificial, and 
there is little to commend the practice. 

ERRORS IN THE MEASUREMENT OF SOIL REACTION. • 

Soil reaction should be determined at a temperatoe as 
close to 18-20° C. as possible. If determined at othelo iem- 
peratures, this should be clearly stated. According to Best ( 2 ) 
the errors in determinations at other temperatures arif't^aU 
except when the quinhydrone electrode is used at allrvetiti&. 
beyond its working range. Fluctuations in temperature dur- 
ing a series of determinations are to be avoided, since they 
necessitate frequent restandardization of the reference elec- 
trode system. i 

In all electrometric methods in which hydrogen ion con- 
centration is measured in an aqueous medium, serious errors 
can be introduced by the junction or contact potentials between 
the suspension and the reference half cell. The design of the 
electrode system is important in minimizing this error. In 
some arrangements a potassium chloride-agar tube is used to 
make the connexion; in other systems a saturated solution of 
potassium chloride is used. When an agar bridge is em- 
ployed, as in the set-up described on p. 16, the tube should 
ip just below the surface of the suspension and be well re- 
moved from the platinum electrode. When not in use the 
agar tubes should be stored with their ends dipping into a 



saturated solution of potassium chloride, to maintain the con- 
centration of this salt in the a^r jelly. Before use and be- 
tween each determination, the tip of the tube should be rinsed 
with water and lightly wiped with a piece of filter paper, to 
remove excess of potassium chloride. If the agar jelly tends 
to break away from the end of the tube a small length of the 
glass tube should be cut off so as to maintain a plane and 
unbroken surface to the gel. 

With the glass electrode, better and more reproducible re- 
sults have been obtained by making the junction with a satu- 
rated solution of potassium chloride contained in a tube ter- 
minating in a ground glass cap. Provided that a fresh drop 
of potassium chloride solution is released and the ground 
glass cap is rinsed with water and dried with a scrap of filter 
paper between each determination, a good junction is obtained. 
The Morton type of glass electrode vessel (often supplied 
with the Cambridge Valve Potentiometer), although very 
convenient for many pH determinations, is not applicable to 
the (germination of pH of soils, on account of the serious 
errofl^ue to the junction potential, which develops at the 
contact between the soil suspension and the saturated potas- 
sjurAidoride solution. 

^ Au^fferent times the hydrogen electrode, quinhydrone 
electrode, antimony electrode, and glass electrode have been 
used for the determination of soil reaction. Soil suspensions 
are highly complex in composition, and it is not to be sup- 
posed that each of these electrode systems will give equally 
valid results for all soils. Each electrode has limitations and 
some of the known sources of error are discussed, together 
with a brief description of the four electrode systems, in the 
following paragraphs. 

The Hydrogen Electrode is the ultimate standard for 
the determination of pH in solutions of known composition, 
if there are no disturbing substances present. It gives an ab- 
solute value of the hydrogen ion concentration in the absence 
of substances which act as electrode poisons, or substances 
V hich can react catalytically with hydrogen in the presence of 
platinum black. Values obtained by it for all soils are not, 
therefore, to be taken as fundamentally correct, unless it is 
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should be used instead of mercury for making electrical con- 
nexion to the electrode. Small capillary cracks in the glass, 
produced by flaming the electrode, and which allow mercury 
when present to reach the electrode, have been a frequent 
source of error. 

Another source of error with the quinhydrone electrode is 
an adaptation lag which is shown when suspensions of differing 
reaction are measured in succession. The potential developed 
deviates from the true potential in the direction of the last 
made determination and slowly drifts towards the true equili- 
brium. To avoid this adaptation lag the electrode should be 
carefully wiped with a small piece of filter paper between 
determinations. Duplicate determinations should be made 
in succession and not be separated from each other by other 
determinations, either of soil or buffer solutions. 

The Antimony Electrode was introduced for the deter- 
mination of the reaction of those alkaline or manganiferous 
soils which give rise to large quinhydrone errors. The values 
<i®tcr^ined by it require empirical standardization, and are 
subj3 to temperature and salt errors. However, the de- 
velopment of convenient potentiometric equipment for use 
witl^l^gla^ electrode has simplified the correct determina- 
tSon v.^peaction in these soils. There is now no justification 
for the use of the antimony electrode. 

The Glass Electrode has become possible for routine de- 
terminations of soil reaction since the development of simple 
thermionic-valve potentiometers capable of convenient and 
accurate measurement of the small potentials produced at the 
glass-liquid interface. The production of electrodes of rela- 
tively low resistance has also contributed to the practical 
success of the nieasurements. In its second report, the Soil 
Reaction Committee of the I.S.S.S. (9) showed that the glass 
electrode gave satisfactory values for the pH of all soils 
tested. It is probably the most accurate method for the de- 
termination of pH in soils generally. 

There should be a clear realization of the magnitude of the 
small currents produced in the glass electrode system. Failure 
to appreciate this leads to the operation of a modern valve 
potentiometer as a mechanical instrument instead of a piece 
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of physical apparatus and this practice may allow certain in 
juraaes to escape detection. The cmrent dntwn hom thl 
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fro^r^U^n? of the glass electrode 4ries 
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approximate results only are desired. The selection o£ the 
indicator is of the highest importance and indicators, such as 
methyl red, which are absorbed by some soils, should not be 
used in soil suspensions. Colorimetric methods are capable of 
giving results to an accuracy of about ± 0 ' 3 pH units. As 
with all indicator methods, however, a salt error occurs if much 
soluble salt is present. 

Kuhn’s method, in which the soil suspension is flocculated 
by means of barium sulphate, is described on p. 28 and a 
method which is suitable for obtaining approximate values in 
the field, by the use of a mixed indicator and a standardized 
colour plate, is given on p. 29. 

Soil Reaction: Quinhydrone Electrode Method. 

Reagents: 

Qidnhydrone. Dissolve lOO g. of ferric ammonium 
alum in 300 ml. of distilled water. Heat to 65° C., pour 
with stirring into a solution of 25 g. of hydroquinone in a 
100|l|l. of distilled water, previously heated to the same 
templlature. Cool the mixture, filter off the fine needles of 
quinhydrone on a Buchner funnel, wash with cold water, then 
dry^Bween sheets of filter paper at room temperature. 

^^Mbel Bujfer Solution fH 2' OS. Dissolve 6’710 g. of 
potassium chloride in water, add 100 ml. of O' IN hydro- 
chloric acid and dilute to 1 litre. Store in a stoppered pyrex 
reagent bottle. 

3 ' 5N 'Potassium Chloride. Dissolve 261 g. of potas- 
sium chloride in water and dilute to 1 litre. 

Bujfer Solutions for Standardizing. Any of the buffer 
solutions given on p. 20 may be used. 

Arrangement of the Afparatus: 

Platinum Electrodes. Two electrodes are required. 
Weld a length of platinum wire to a piece of platinum foil, 
about 8 X 14 mm., and seal it into a glass tube. Attach a 
binding screw at the top for making the electrical connexions. 
Do not use mercury for this purpose. Before use, and at 
intervals, clean the electrodes with a hot mixture of chromic 
and sulphuric acids. Wash well to remove the last traces of 
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aad and heat to redness in an alcohol flame for a few seconds 
to ensure constancy and correctness of potential. ’ 

... Chloride Tubes. Soak 8 g-. of aear in; 

00 ml. of water and heat in an autoclave for half an hour at 
a pressure of 0*75 atmospheres. Then add 52 g. of potassium 
chloride and sufiicient neutral red (about 0-05 g.)^to give a 
distinrtive colour to the gel, so that tubes filled with it will 
e easily distinguished from the corresponding agar-potassium 
nitrate tubes used in the chloride determination. Keep the 
mixture hot in a water bath and fill several suitably shaped 

iftothem^'T^TV'^ mm bore) by siphoning the warm jSly 
into them The tubes used must be clean and quite dry, other- 

Xhe tu^^^ moisture may arise between the walls 

AiTfi ^ siphon. Close the 

outer ends of the tubes with a short piece of rubber tubing and 

gel until cold. When cold remove the rubber tubing and if 
nece^ary, cut oflF a short length of the glass tube fr^m eLh 
ei^d to leave plane agar surfaces. When not in use keep the 

Sted stoppered bottle containing ^tu- 

rn ed solution of potassium chloride, so as to maintain the 
chlonde concentration and prevent the agar drying oufeA 

to n-nni giving i^l^ings 

to 0 001 V., IS quite convenient for the measuremfnt of SK 

potentials produced by the quinhydro„e eS~ Many 
pH^umtf calibrated to give readings directly in 

trode, then iake p 7®'’' ' 

on the rubber lube snffidentlv to aJIni^^'^j ^ 

then close the clip f” “ 

stopper of the ronnec^ ve^B . 7,? . ‘''= ' 

surface of the 3-5N notasaiiiin chi ’ *7 below the 

it. IntnakingthTcoM^or, 

on the electrocT^^l T* tube 

ooe vessel, A, and then release it a Uttle, thus 
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forcing two or three drops of solution out of the side arm 
and sucking back a corresponding amount of potasaum 
chloride, to make a good liquid junction within the side arm. 
Introduce an agar-potassium chloride bridge through the 
Other hole in the stopper of B and adjust the position of this 
tube so that its free end will dip just below the surface of the 


Fig. I. The quinh7drone electrode assembly. 

soil suspension to be measured. Attach the second platinum 
electrode to the agar tube by the rubber stopper as shown, 
and adjust its position so that the electrode will reach nearly 
to the bottom of the soil suspension and be as far removed as 
possible from the free end of the agar tube. Connect the 
electrode system to the potentiometer and standardi 2 x the 
latter against a standard Weston cell. 

Check the standardization of the electrode system by plac- 
ing 25-30 ml. of a buffer solution, approximating in value to 
that of the soils to be determined, in a beaker, add about 0 • 1 g. 
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of quinhydrone, stir and place it so that the agar bridge and 
electrode dip into it as shown. Measure the potential de- 
veloped. If it deviates by more than 2 mv. from the theoreti- 
cal value (obtained from the formula below) ascertain the 
cause of the fault before making any determinations. 

The Veibel half cell maintains a steady potential for 2-3 
days. It is, however, recommended by the Soil Reaction 
Committee of the I.S.S.S. that it be freshly prepared and the 
set-up checked each day that it is used. 

Method: 

Prepare a soil suspension as described on p. 7 or take the 
soil suspension remaning in the wide-mouthed shaking bottle 
after the conductivity determination. Add about 0 • 1 g. of 
qmnhydrone and shake vigorously. As rapidly as possible 
place the bottle in position with the agar connecting tube just 
dipping below the surface of the suspension. The surface of 
the suspension should be slightly higher than the level of 
solution in vessel B, to prevent potassium chloride aiowly 
siphoning over into the suspension. Measure the pcfeitial 
preferably within 10 seconds of adding the quinhydrone to 
the suspension, and record it as the 10 second value. ^fter 
60 seconds measure the equilibrium value. If rapid has 
not occurred the latter value should be used. Rapid drift in- 
dicates that the quinhydrone electrode is not applicable to the 
pamcular soil under investigation, as explained on p. 1 2. 

Remove the Irottle of suspension, rinse the electrode and 
tip of the agar mbe with water and wipe off the surplus mois- 
ture from both by means of small pieces of filter paper. Then 
make the determination on the duplicate suspension. Dupli- 
cate determinations should be carried out in succession, to 
minimize errors due to adaptation lag of the electrode (p. 13). 

determinations check the electrode 
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T is the absolute temperature and R has the value 0vOGO1983. 
For soils the observed values of E.M.F. are always negative 
in sign. R.T. has the following values at different tempera- 
tures. 


0 

t 

R.T. 

0 

t 

R.T. 

12 

0-0565 

22 

0-0585 

14 

0-0569 

24 

0-0589 

16 

0-0573 

26 

0-0593 

18 

0-0577 

28 

0-0597 

20 

0-0581 

30 

0-0601 


A table can be constructed so that the pH can be read ofF 
directly from the observed value of E.M.F. at any tempera- 
ture, but as most potentiometers are now made so that rea ding s 
are given directly in pH units such a table is not included in 
the present work. 

Soil Reaction: Quinhy drone Electrode with Calomel 
Half Cell. 

_TI|jquinhydrone electrode can be used with a standard 
calomel half cell as the reference half cell in place of the 
Veib^[uinhydrone half cell. A suitable calomel half cell is 
desaH|||||i on p. 2 1 . The calomel half cell is frequently pre- 
ferrecTWhen the electrode system is kept permanently set up. 
However, such an arrangement offers little advantage over 
the one described, since the Veibel half cell is very easily set 
up each day that it is required. Moreover, when a saturated 
calomel half cell is used the polarity of the combination 
changes at about pH 7 ’ 8, so that it is necessary to include a 
reversing switch in the circuit, if soils more alkaline than this 
are encountered. Since the change of polarity occurs at pH 
2 ‘03 with the Veibel electrode the whole range of soil re- 
action can be covered without reversal of polarity. Values 
for the potential of the calomel half cell at different tempera- 
tures can be obtained from published tables. 

Soil Reaction: Glass Electrode Method. 

Ordinary potentiometers are ftot sufficiently sensitive to 
measure the small currents produced by the glass electrode. 
For the measurement of these minute currents the thermionic- 
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Method: 

_ Prepare a soil suspension as described on p. 7 or take 

wide-mouthed shaking 

bottip after the conductivity determination. ^ 

en the potentiometer has been standardized, remove the 

glass electrode from the buffer solution and thoroughl/riSe 
the outside v?ith distilled water from a wash bottk Then 

mainhifi^Sons ^ flick off any re- 

P? P^rt of the stem carefully, 

as before. Place ^in the wide-mouthed bottle containing the 
soil suspension and stir gently. yumaimng me 

tfle stem and ^ound glass cap of the positive calomel 

of S^eTmt^r W with a pkci 

o± hlter paper. Turn the lower stopcock to the on nositinn 

loosen the ground glass cap and allow a few drops of potas’ 

iunrtif the liquid 

inS f ^^P anfl close the stopcock. Wipe^the 

outside of the cap with a piece of filter paper as befor^ Ling 

remove and rinse the glass elec 
rode as before, wipmg the stem if necessary, and pLe in the 

uvc calomel half cell and renew the iunction a-? rIp<!rr;K.=ri 
above, before proceeding to the nea dS" 
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Negative Calomel Electrode. 

Upper stopcock — connexion between electrode chamber 
and lower stem. 

Lower stopcock — off position. 

Positive Calomel Electrode. 

Upper stopcock — connexion between potassium chloride 
reservoir and lower stem. Stopper o£ reservoir should 
also be left loose. 

Lower stopcock — off position during measurements but 
turned on to renew potassium chloride junction be- 
tween each determination. 

On account of the small currents involved, the electrical cir- 
cuit is established even though the stopcocks are in the off 
position. 

Calculation of the Results: 

Most valve potentiometers are calibrated to give pH 
values directly, wifien standardized against a buffer solution. 
However, if the potentiometer is calibrated in millivolts only, 
the pH of the suspension is given by the following expression: 

pH == pH of standard buffer solution — — 

R.T^. 

^ (suspension) and E (buffer) are the observed potential’ ^>f the 
soil suspension and the buffer used for standardizing respec- 
tively. These potentials are usually negative in sign. Values 
for R.T. are given on p. 1 9. 

Soil Reaction: Determination at Field Moisture 
Capacity. 

McGeorge ( 1 1) has applied a very rugged type of glass 
electrode to the determination of pH values in soils at low 
moisture contents. Determinations can be made so long as 
^ the soil is able to supply sufficient moisture to make a con- 
; tinuous moisture film contact between the glass electrode and 
the reference calomel electrode. The determination is usually 
> carried out at a moisture content approximating to the mois- 
ture equivalent. In general the pH value of neutral and 
alkaline soils decreases:^ the soil ; water ratio varies from 1:10 
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to that at the moisture equivalent. Add soils, on the other 
hand, show a decrease in pH value between the _soil:water 
ratios o£ 1:10 and 1 :1, but with the further narrowing of the 
ratio to that at the moisture equivalent the pH value tends to 
increase again. 

The spear type of glass electrode was first used for this 
determination but many plain bulb type electrodes, supplied ^ 
commercially, are now suffidently rugged for use with stiff 
soil pastes. Chapman, Axley, and Curtis (5) recommend the 
Beckmann bulb type glass electrode, in conjunction with the , 
Beckmann sleeve type calomel electrode, as a reference half 
cell. They do not recommend making the determination at 
moisture contents below that of moisture equivalent. At this 
moisture level stable readings are obtained, provided that the 
electrodes are “conditioned” or worked around, by pushing 
them in and out of the moist soil several times, before making 
the reading. Particular care must be taken to press the moist 
soil firmly around the electrode, for an imperfect coverage of 
the glass electrode with the soil moisture film leads to erratic 
and unreliable values. To obtain more stable and reproducible 
values they prefer to make the determination at the moisture 
con^it corresponding to the sticky point, or in the case of 
hea^^ays, at a moisture content slightly wetter than this. 
The‘pH?per moisture content, corresponding to this point, can 
be more readily determined than that corresponding to the 
moisture equivalent, while the pH values at the former mois- 
ture content differ only slightly from those at the moisture 
equivalent. Their method is as follows: 

■ Transfer 100 g. of air-dry soil to a beaker and moisten it 
with successive small portions of water, mixing and working 
the soil with a porcelain spatula until the soil reaches the 
desired moisture content, corresponding to that of the sticky 
point. If the soil is very heavy add a little more water to 
facilitate good coverage of the glass electrode. 

To make the determination rinse the glass and calomel elec- 
trode assembly with aerated distilled water and remove the 
excess water by wiping it with strips of filter paper. Then 
insert the assembly in the soil paste and withdraw it three or 
four times, inserting it at different points each time. This is 



licccsbary lo conaition tne electrode and ensure reproducible 

values. After the fourth insertion press the soil firmly around 
the electrodes, by means of a glass rod, and leave them in un 
disturbed contact with the soil while the pH value is read by 

means of a suitable valve potentiometer. 

Soil Reaction: Kuhn’s Colorimetric Method (10) . ' 

When a soil suspension is shaken vigorously with very pure 
barium sidphate, the latter flocculates the soil colloids and 
leaves a dear and colourless solution. If an indicator, which 
is not absorbed by the soil, is present its colour will denote the 
soil reaction. The amount of barium sulphate necessary to 
cle^^ a suspension depends on the amount of colloids present 
so that, for loams and heavy clay types, it is necessary to reduce 
^e quantity of soil used. However, for reliable results as 
much soil as possible, compatible with obtaining a clear solu- 
tion of tjen Crowther (8) recommends the adop- 
. “d Lufa\sulphonphthalein indicators so as to 

rors basic indi- 

cators, through ionic exchange with the soil. Crowther also 

recommends the u^ of colour discs, such as are supplied with 
the Lovibond or Hellio'e cnmnarotrsrc 


iy soils place a layer of barium sulphate (pro 
:m. thick, m the bottom of a dry test tube. A 
sst tube IS most suitable. Then add a layer of 
n. deep and fiU with c^bon dioxide-free water 
- ft ^ Add a suitable indicator solution, 
the pH range experted, and fill the tube to a 
15 cm. water! Close with a paraflined 
= vigorously until about half a minute after the 
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contents of the tube are thoroughly mixed. Vigorous shak- 
ing is necessary to mix the indicator intimately with the soil 
particles. Place the tube aside to settle. If the correct pro- 
'portions have been taken the upper part of the suspension be- 
comes clear within a few minutes, and the colour of the indi- 
cator can be seen. Compare this colour against suitable colour 
standards,, either glass colour discs or a range of freshly pre- 
pared buffer solutions to which the indicator has been added- 

For loams and clay soils use less soil and more barium 
sulphate, but do not exceed the limits of 4-5 cm. for the depth 
of the two layers. 

If flocculation occurs too rapidly the supernatant liquid 
may not be properly cleared. This is due to the use of too 
large a proportion of barium sulphate and it is necessary to 
repeat the determination using more soil and less barium 
sulphate. 

If the suspension clears too slowly it implies that too little 
water has been added. In this case pour off some of the sus- 
pension,’ add more water and indicator solution and shake 
again. 

Soil^jj^ction; Waite Institute Hydrionmeter. 

Tfl^f^elopment of permanent colour standards on porce- 
lain makes possible the determination of soil reaction by a 
simple colorimetric rhethod, with suflSdent accuracy for many 
purposes^ ' The method is very useful in ^at preliminary de- 
terminations of pH can be carried out in the field and values 
obtained to within about half a pH unit. 

The Waite Institute Hydrionmeter condsts of a shallow 
porcelain plate with two drcular bands showing a series of 
colours corresponding |o the colour changes of the two indi- 
cator solutions used. The colours are surrounded by the 
white background of the plate- The outer band shows the 
range of colours given by Indicator No. 1 at reactions of pH^ 
4, 5, 5 * 5, 6, 7, and 8, while the inner drcle shows the colours 
produced by Indicator No. 2 at pH 4, 4* 5 and 5. Indicator 
No. 1 consists of a mixture of methyl red and brom thymol 
blue adjusted to approximately pH 6. Indicator No. 2 is a 
solution of brom cresol green adjusted to approximately pH 
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TOTAL SOLUBLE SALTS 

0 0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 1-0% 

1 1 1 1 1 1 1 1 1 , 1 

0 0-27 0-S3 0-80 1-07 1-33 1-60 1-87 2-13 2-40 2-67 mhos X 10-« 

SPECIFIC CONDUCTIVITY OF A 1:5 SOIL SUSPENSION AT 20° C. 

'if. ■■ . ■ ■ ■ ■ ■ ■ ■ " 

When much gypsum is present it will not be brought into 
solution completely in a 1 : 5 soil: water suspension. IJWyVer, 
the amount of total soluble salts, whether detern^ ?,:)con- 
ductometrically or gravimetrically, loses significance tfi such 
soils. ^ Complete solution of the gypsum would only be re- 
quired for the determination of water soluble sulphates and 
in such a case the soil should be extracted by shaking with 
dilute hydrochloric acid, before precipitating sulphates as 
barium sulphate, in the filtrate. 

The Determination of Specific Conductivity. 

Conductivity is measured by means of a Wheatstone 
bridge, preferably of the dial reading pattern. To avoid 
pol^^tion at the electrodes alternating current must be used. 
This is generally obtained from an induction coil. A tele- 
phone receiver is then used to determine the point of mini- 
mum sound, i More modern equipment ’ makes use of a 
thermiomc-yalve^osdjlat^ aiid amplifier] Tf a bank of con- 
denserS is embd^^ ^ in the 


measurement. It is, therefore, preferable to report this con- 
ductivity value itself, rather than a value for total soluble 
salts derived from it on the assumption of an absolute correla- 
tion between these values. Although it has been customary 
to think in terms of some material value, such as percentage 
of total soluble salts, the practical understanding of specific 
conductivities would soon follow if these values were com- 
monly reported. After all, the relative values on the pH 
scale are now widely understood. 

If the relationship given on p. 36 is accepted, namely that 
the percentage of total soluble salts corresponds to 375 x the 
specific conductivity of a 1 :5 soil suspension at 20° C., then 
the following scale shows the approximate relationship be- 
tween the two sets of values. 
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telephones can be eliminated and the point of minimum sound 
made much sharper. A further refinement replaces the tele- 
phone receiver with a cathode ray tube (magic eye) and the 
point of bailee can then be detected visually. Such an ar- 
rangement is very useful and reduces fatigue when large 
numbers of determinations have to be carried out. 


Induction Coil 
or Valve 
Oscillator 


To Conductivity 
Cell 


arrangement of the apparatus for the determination of the 
‘ conductivity of soil suspensions. 

A'^^i^gefnentoftheA'p^arMus: 

k -A necessary connexions to the Wheatstone 

bndge._ Ri and Ra represent the ratio arms. Connect the leads 
of the induction coil to the terminals Bi B2 and the telephone 
receiver aerosol G^. Connect the conductivity cell across the 
terminals Xi X2, using short lengths of stout copper wire for 
this connexion. 

If a thermionic-valve oscillator is used instead of the induc- 
tion coil connect it across the terminals Bi and Xi, so as to 
eliminate the tapping key in this circuit. Likewise connect the 
valve amplifier across Gr and X2. The telephone receiver or 
the electron ray tube is incorporated in the valve amplifier 
unit. ^ A variable condenser is desirable to balance out the 
capacity of the_ conductivity cell. Connect it in parallel with 
me variable resistance R3, that is, across the terminals Xi Gi. 



Fig. 4. Pipette type aad dip 
type conductivity cells. 


rr?- Cell may be either the pipette type 

(Rg. 4 A) or dipping type (Fig 4 B). The electrodes^e 
platinum, about 20 mm. x 10 mm., firmly sealed to the glass 
^ ‘ each corner, to maintain a 

constant position in relation 
to each other. If desired the 
electrodes may be plated 
with platinum black, but this 
is only necessary for soils of 
high salt content, or in criti- 
cal work. To platinize the 
electrodes, first clean them 
m warm aqua regia, then fill 
the conductivity cell with a 
0 • 3 per cent, solution of 
platinum chloride. Pass a 
current from a 4- volt accu- 
mulator for 10—15 minutes, 
reversing the direction every 
30 seconds. Use a series re- 
sistance to control the current 

so that there is only ace^tle 
evolution of gas. 'EE^''\se' , 
the electrodes with U ‘^and 
remove the last traces of 
chloride by immersing them 
in 1 per cent, sulphuric acid 
and passing a current be- 
tween them for 10 minutes, 
reversing its direction as be- 
fore. F or routine work such 
a plating will last for a con- 

1 r If 


*• -r , , a plating Will last for a con- 

, Reagents: ' 

0-005N Potassium Chloride. Dissolve 0-7456 a- of 
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Method: 

_ Set the ratio arms of the Wheatstone bridge to a suitable 
""f!?' 1 f suspensions the best results are obtained 
at the 1,000:1,000 ratio. At the point of balance the dial 
reading of the variable arm, R 3 , i^rill then give the value of 
the unknown resistance directly in ohms. 

Rinse and fill the pipette electrode with the soil suspension, 
prepared as descnbed on p. 7, or if a dip-type electrode is 
used, immer^ It m the suspension. Adjust the variable resist- 
ance of the Wheatstone bndge until the point of minimum 
^und is reached or the cathode ray tube shows a sharply 
elined sector. As the null point is approached adjust the 
ISrpoLt^”^^"^*^^ to assist in obtaining a sharp baW at the 

muTdnW^/T of the soil suspension (in ohms) 

p y e dial setting of the Wheatstone bridge by the 

A.* . Rz 

ratio arm settings 

•Ki 

Between determinations rinse the electrode with water. 

■ T ^ seconds before starting the next 

after each series of determina- 
resistance of the standard potassium chloride 
soluw^arefully rinsing the electrodes with two lots of the 
solution. 

Calculation of the Results: 

The specific conductivity (in reciprocal ohms or mhos.) 
of a 1 :5 soil suspension at 20° C. is given bv the exore««inn 



cxiionue soiutioii -usea tor comparison 

must of course be the same as that of the soil suspension at the 
time of measurement. 

The results obtained by this method should be reported as 
“Specific Conductivity of a 1 :5 Soil Suspension at 20° C.” 
However, when some approximation of the total soluble salts 
IS required this may be obtained by multiplying the values 
for specific conductivity by 375, a. value derived from actual 
correlations of the specific conductivities with the amounts of 
total soluble salts determined gravimetrically in a large 
number of Australian soils. The correlation is only fair as it 
is l^gely influenced by the composition of the salts, particu- 
larly in soils of low salt content. Soils containing unusual 
combinations of salts will require a different factor. For this 
reason it is much more desirable to report the absolute value 
of specific conductivity rather than a value for total soluble 
salts derived from it by an imperfect correlation. Closer 
approximations can be obtained for any group of soils if the 
curve connecting specific conductivity and total soluble salts 
IS determined for a representative number of samples. Joseph 
and Martin obtained the total soluble salts in Sudan by 
multiplying the specific conductivity at 30° C. by 
derived_ from the known conductivity of a solution- ^ual 
proportions of sodium chloride and sulphate. This corre- 
sponds to a factor of 300 if the specific conductivity at 20° C. 


through 



' SOIL REACTION and WATER SOLUBLE SALTS 37 

filter. The rate of filtration varies considerably with diflFerent 
soils. With very alkaline soils complete filtration may take 
some hours, since a thick deposit of finely dispersed clay 
collects on the outside of the candle filter. This may be re- 
moved by disconnecting from the vacuum, removing the filter 


Pig. S. Filtration of a soil suspension by means of a filter candle. 

from the suspension and blowing gently into it through the 

t'he^It'“^ comexion The slight back pressure wiU cause 
tte coatog of clay to gl.de ofi and leave a dean filtering sur- 

nitration. Before each filtration the filtering surface of the 

totd^Sr' determination of 

dlides^ ^ “d bicaibonaies, sulphates, and 
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TOTAL SOLUBLE SALTS; Pipette 100 ml. of the clear filtrate 
into a tared platinum basin and evaporate over a water bathj 
when the volume is reduced to about 5 ml. add 2 ml. of 20 
volume hydrogen peroxide, free from salts, to oxidize soluble 
organic matter, and evaporate to dryness. Dry in an oven at 
110 C. for one hour, cool in a desiccator and weigh. The per- 
centage of total soluble salts = weight of total soluble salts 
X 5. 

CARBONATES AND BiCARBONATEs: Pipette 100 ml. of the 
soil extract, prepared above, into a porcelain basin and add 2 
or 3 drops of phenolphthalein indicator solution. A red 
colour indicates the presence of carbonates. Titrate with 0 • 1 N 
hydrochloric acid until the colour is just discharged. This 
end point corresponds to the neutralization of carbonates to 
the bicarbonate stage. Now add 2 drops of dimethyl yellow 
indicator and continue the titration until the colour just 
changes from yellow to red denoting complete neutralization 
of the bicarbonates present. Methyl orange can be used, but 
the colour change is more difficult to perceive. 

The following calculation is necessary to determine the 
amounts of carbonate and bicarbonate. JLiCt V i represent the 
volume in ml. bf 0 • 1 N acid used to neutralize 1 00 mi^^he 
above soil extract to the phenolphthalein end point aj^;,-^ci ^^2 
represent the additional amount of O’ IN acid to .^the 
dimethyl yellow end point. 

%CV-V.XO-0060X i^x4||-V.X0 030 

; % HCOa" = (Vz — Vi) X 0-0061 X — X 

100 ml. 200 g. 

= (Va-Yi) X 0-0305. 

It is preferable to express the amounts of carbonate and bicar- 
bonate present as milligram-equivalents per 100 g. of soil 
(m.e. %). These values are easily calculated since 1 ml. of 
a tenth normal solution corresponds to O'l milligram- 
equivalent. 

100 Vi 
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If the standard acid is not exactly tenth normal use the ap- 
propriate factor. 

chlorides: The method for chlorides is given below. 

To express the amount of chlorides present as milligram- 
equivalents per 100 g. of soil make the following calcula- 
tion: 


m.e, % Cr = volume of standard silver nitrate X normality factor X 


1,000 


X 


lOO 


volume titrated 200 


sulphates: Measure the volume of the soil extract re- 
maining after the preceding determinations have been carried 
out and transfer it to a beaker. Make just slightly acid to 
dimethyl yellow with hydrochloric acid, boil and precipitate 
the sulphates as barium sulphate by the addition of a slight 
excess of 5 per cent, barium chloride solution, run in slowly 
from a pipette. Boil for five minutes and leave to stand over- 
night. Filter through a 9 cm. Whatman No. 44 filter paper 
and wash completely with hot water. Ignite in a weighed 
crucible, cool in a desiccator and weigh as BaS 04 . Then 


% SO 4 ' = 0 ^ precipitate ^ 96 ^ 


1,000 y/ 100 Weight of precipitate 

233*^ ''Volume taken 200 Volume taken 



Weiglit of precipitate 1,000 

— Fut ^ 


X 


100 Weight of precipitate 


Volume taken 200 


Volume taken 


X4,270 


I%i^^esence of silica is suspected purify the partly ignited 
prei'.fiSRe by treatment with a little hydrofluoric acid and a 
drdp of sulphuric acid. Carefully fume off the acids, com- 
plete the ignition, and weigh as BaS 04 . 

The methods described under' exchangeable cations can be 
used for the determination of calcium, magnesium, sodium 
and potassium in the water extract of the soil. 

CHLORIDES 

Chlorides in the soil can be easily and accurately determined 
by titration with standard silver nitrate either electrometrically 
(p. 40) or in the presence of potassium chromate as an indi- 
cator (p. 45). In the latter method it is necessary to obtain 
a clear extract of the soil, either by filtration or by flocculation 
with an excess of potassium chromate. The amount of 
chloride brought into solution does not depend on any equi- 
librium between the soil and water. Values obtained are 



Motor Driven Stirrer 
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close the clip again. Insert the side arm through the stopper 
of the connecting vessel B so that it dips below the surface of 
the saturated potassium nitrate solution. Momentarily squeeze 
the rubber tube on the electrode vessel so forcing a few drops 
of solution out of the tip of the side arm and sucking back a 
corresponding amount of saturated potassium nitrate solution. 
This ensures a good liquid junction between the reference 
half cell and the potassium nitrate solution. Insert an agar- 
potassium nitrate bridge through the second hole in the 
stopper of B, and the half cell is ready for use. 

Provided that potassium nitrate does not diffuse back into 
the quinhydrone half cell it will maintain a steady potential 
for 2-3 days. It is, however, preferable to fill it afresh each 
day that it is required. 

Galvanometer. A moving coil pointer type galvanometer 
with an internal resistance of about 1,000 ohms and a sensi- 
tivity of about 0‘3 milliamps per mm. scale division is very 
suitable. 

Connect the galvanometer, through a tapping key, to the 
two electrodes, as in Fig. 6, and check the standardization of 
the set up, by titrating 20 ml. of 0 * 01 N potassium chloride in 
^0 water with standard silver nitrate, exactly as de- 

scriS^^Wow for a soil suspension. If correctly set up the 
thed>||i^ titration value will be obtained. 

Method: 

Transfer 5 g. or 10 g. of soil to a 100 ml. tall shaped 
beaker, add approximately 5 0 ml. of water, stir and leave to 
stand for 30 minutes. Place the beaker so that the silver- 
silver chloride electrode and the agar bridge tube dip into the 
suspension, depress the tapping key and note the initial de- 
flection of the galvanometer to get a rough idea of the amount 

of standard silver nitrate to add. From a burette run in -r|^ 

silver nitrate in suitably small amounts at a time. Stir vigor- 
ously for 2-3 seconds after each addition, then depress the 
tapping key and note the deflection. Continue the titration 
until the pointer of the galvanometer just reverses direction. 
Warning of the end point is given by the decreasing deflec- 


WII. A3.D plant analysis 

toons shown by the galvanometer pointer *• • 

versible and if tbe end nnJnf l ' ’ titration is re- 

back titration with standard potasSum^M “^5 ^ by 

ever, IS seldom necessary. ^ ^ 

Calculation of the Results: 

chlori^rm ’ ”«■ 


1 0 X Weight of soil taken ' 

To invert chlorine values ,o sodium chloride multiply by 

a Prepared on 

?r=Sy >XleTfiXTcealteSr?h “• 

M.ethod: 

p. 7, toTforff tSi's^ptd »" 

“Hb^te'T i^iit r/r ^ ■; 

be transferred automaticallv after can 

ment. Introduce the alver-si I vpt- measure- 

beaker and carry out the titration electrode into the 

scribed. ^ exactly as previously de- 

I : Calculation of the Results • 
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The above calculation neglects the volume occupied by the 
soil in making the suspension. This does not significantly 
affect the values for low to moderate amounts of salt but for 
soils with a high salt content the determination should be re- 
peated on a separate 5 g. portion of soil as in the method above. 

Chlorides: Chromate Titration Method. 

Pipette 50-100 ml. of the clear soil extract, prepared for 
the determination of water soluble salts (p. 36), into a porce- 
lain basin and add 3-4 drops of a 1 per cent, solution of potas- 

' sium chromate as indicator. Titrate the solution with — ^ 

35' 5 

silver nitrate until the chloride is completely precipitated as 
silver chloride and the first faint tinge of red silver chromate 
persists. This colour change can be readily seen if a second 
basin, xontaining water and 3 or 4 drops of potassium chro- 
mate, is used as a standard for comparison. The colour change 
is more easily seen when the titration is carried out in a white 
basin instead of a beaker. 

The percentage of chlorine in the original soil then corre- 
sponds to: 



le of silver nitrate 


1,000 


X 


1,000 


X 


100 


V olume of silver nitrate 
2 X Volume of extract used 


Volume of extract 200 
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GHAPTER m 

MECHANICAL ANALYSIS 

The determination of particle size in soils is one of the most 
important of the physical determinations. Since field esti- 
mates of texture are generally based on the behaviour of the 
soil under the auger and during hand working, they should be 
checked and correlated with mechanical analyses at frequent 
intervals, particularly when commencing surveys in new areas. 

iVIechanical analysis consists essentially of two distinct 
operations, namely dispersion of the soil and grading the dis- 
persed particles into size groups. Until a few years ago there 
was no uniformity either in the methods of dispersion or the 
size groups separated. The methods of dispersion in use in 
diflFerent laboratories varied widely from the simple boiling of 
the soil with water to those methods which aimed at securing 
complete dispersion by conversion of the clay to the sodium 
saturated condition after pre-treatment of the soil with hydro- 
gen pe^ide to oxidize organic matter. There were also many 
of particle sizes separated. The existence of 
two^^^ljVariables in the method made the comparison of 
mecn: analy^s carried out in difiFerent laboratories diffi- 

cult and uncertain. However, provided that ultimate dis- 
persion had been attained, mechanical analyses carried out ac- 
cording to one system of particle size could be transposed to 
another systeni, with a reasonable degree of certainty, by the 
use of summation curves based on settling velocities. 

In 1 926, the First Commission (Soil Physics) of the Inter- 
national Society of Soil Science formulated tentative proposals 
for an international method of mechanical analysis and these 
propolis were adopted, with only minor modifications, at the 
Washington Congress in 1927. Details of two methods of 
dispersion were given, but it was recommended that “Method 
, which aimed at securing the ultimate dispersion of the soil 
particles, should be adopted for fundamental work. The 
separation of four groups of particles, coarse sand, fine sand, 
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w.txi ximiung diameters according to the Att^r 
tie was also recommended. Clay pfr lcles^;^ 
m diameter of 0-002 mm. were deLed as fine ^ 
th a settling velocity of 1 0 cm. in 8 hours (O OOOUj 
^c.) in water at 20“ C., and it was agreed to tht 
n of day as the fundamental basis fofthe calcSnn 
s’s aw, of the settling velocities correspond^ ^ 
t tide sizes in the Atterberj^ scale Tf wjjc I f ^ jP 
“““ '«\(2).thatpartfdestew«ro 
ter should be sej^ted by the use of accurate sieves 
re apertures, while sedimentation methods were ore 
or aU particles smaUer than 0'2 mm fiSSi 
only permissible, as an alternative to SdT 
a, for particles between 0'2 and 0-02 mm in dia 

Id™/ ? to"" confeSni thai 

’thorSrnf^ ■ recommended. Alter- 

-thods of dispersion were permissible, provided that 
>own by experience that they yielded vdues sub 
m agreement with the standard procedure. 

ce has^ effected by the International Society of 

ce has been of great value in the efforts 

« rtomniT*!'?* ani^ of 

le international 
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If all the constants are combined v = Since both ’? and 
d depend upon temperature, K ■will also depend on the tem- 
perature. In the international system the value of JT has been 
indirectly defined, from the relationship connecting the par- 
ticle size of clay ■with its settling velocity, as 34,700 at 20° C., 
■y and r being expressed in cm. per sec. and cm. respectively. 

In the application of Stokes’s law to soil particles certain 
tacit assumptions are made. For instance it is assumed that 
all the particles behave as true spheres and that they all have 
the same specific gra^vity. Soil particles vary considerably in 
specific gra-vity, but, in the definition of clay by the Interna- 
tional Society of Soil Science an average value has been ac- 
cepted, and this is included in the above value for K. 

All soil particles are not true spheres, so that Stokes’s law 
is not strictly followed, but it is convenient to use it in the cal- 
culation of the assumed particle diameters, corresponding to 
each settling velocity. In the construction of summation 
curves practical considerations of scale make it impossible to 
plot particle diameters directly and the logarithm of particle 
diameter is sometimes used. It is preferable to use the loga- 
rithm of the settling velocity since this is the experimental 
valu^aSuallyi determined for the smaller particles, which 
conw^lte the important fractions in the definition of soil tex- 
tUhe.‘'*’J^^ however, still necessary to make the assumption 
that tiie ^ttling velocities of the larger sand particles follow 
Stokes’s law. , , 

Table 1 shows the particle size groups, and the limiting 
settling velocities in water at 20° C., for each group separated 
in the international, former British and former American sys- 
tems of mechanical analysis. For the particle groups in which 
the separation is effected by sie^ving, and not based on an ex- 
perimentally determined settling velocity, the latter value has 
been calculated from Stokes’s law, using the two fundamental 
values defined in the international system, namely ( 1 ) par- 
ticles of diameter of O' 002 mm. have a settling velocity of 
0-000347 cm. per ^c. at 20° C. and (2) the 70 mesh I.M.M. 
sieve prescribed, with an aperture 0 ' 1 8 mm. square, just re- 
tains particles of 0'2 mm. diameter, the lower limit of coarse 
sand. It should be noted that the commonly accepted li m iting 
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table I. 


System and M^'mum 

Description of ™«er Method of Defining 
Particles. of Particle. Upper Limit. 


iwt^rm^ional 
System 
Coarse Sand 
Fine Sand 
Silt 


F OTfrier British 
System 
Fine Gravel 
Coarse Sand 
Fine Sand 
Silt 


Fine Silt 


F ormer A meric an 
System 
Fine Gravel 
Coarse Sand 
Medium Sand 
, Fine Sand 
Very Fine Sand 
Silt 
Clay 


(Colloid) 


0*002 


0 * 002 * 


2*0 

1*0 

0*5 

0*25 

0*10 

0*05 

0*005 


2 mm. round Jiole sieve 
70 mesli I.IVI.M. sieve 
Sedimentation : 

I _0 cm./4*8mins. 
Sedimentation : 

1 0 cm./8 hrs. 

2 mm. round hole sieve 
I mm, round hole sieve 
90 mesh I.IVI.IVI. sieve 
Incantation: 

lOcm./IOO secs. 
^Recantation: 

7*5cm./l2*5mms. 

l>ecantation: 

8-6cm./24 hrs. 

2 mm. round hole sieve 
1 mm. round hole sieve 
0 • 5 mm. round hole sieve 
U.S.Std. 60 mesh sieve 
U.S.Std. 140 mesh sieve 
TTyler 300 mesh sieve 
Sedimentation: 

10 cm./77 mins. 
Sedimentation: 
I0cm./8hrs. 


Settling 
Velocity ' 
at ao"" C. Settling 
cm. per sec. Velocity. 


I 347 
3*47 


0*0347 

0*000347 


0*114t 

0*0114t 


/ 4-06 


kt * f ‘ 


347 
87 ; 

21*7 
6*70 
I -145 
0*227 

0*00217 

0*000347 


* From the method used for defiriW^ri T 

; ; : 0 * 1 5 5 and 0 • 00 1 4 mm. respectivfly. 

t -These values correspond to settling velocities of 0 • 1 n n i j n 
. per second, respectively, atlS^C ^ 0 1,0 0 1 and 0 • 000 1 cm. 



LOG. SETTLING VELOCITY 


Fig. 7. Some typical nieclianical composition or summation curves of soils 

A. Heavy clay (Georgetown, S. Aus.). 

B. Silty loam (Booboorowie, S, Aus.). 

C. Fine sandy loam (Waite Institute). 

D. Sand to sandy loam (Kuitpo, S. Aus.). 

E. Fine sandy loam (Pinnaroo, S. Aus.). 

F. Sand (Copeville, k Aus.). 

The solid yertical lines correspond to the limiting settling velocities of 
the fractions in the former British System, while the broken lines represent - 
the limiting settling velocities of the fractions in the International system- “ 


values for the diameters of fine sand and clay in the former 
British system, quoted in this table, differ from those theoreti- 
cally calculated from the experimental values used in their 
separation. For the separation of fine sand in this system a 90 
mesh I.M.M. sieve was commonly used, and the settling 


4.06 4.54 


0.32 0.54 


1.94 2.54 
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velocity in the above table has therefore be. 
basis Ox the relative 
mesh screen used i 

maximum diameter of the clay ^^rtides 
tena, calculated from the ’ 

national value for K, . 

0'002 mm., the value 
From Table 1 it will'be 

meters of the four f 

tern are defined on a ,,,,, 
of each particle group being 
group. In this 
oven-dry basis. 

were separated and, after separa 
before weighing. In the form< 
ably greater detail was obtained 
terest being shown in the finer 
recent years a fraction finer than 
When the accumulated value 
are plotted against the correspon 
a lo^rithmic scale for the lattu 
obtained. By interpolation from these c 

m mechanical analysis 

to another system. Examples of some < 

BriSo ^ transposing results 

British to the international system, are give 

tormer Bntish and former American Wste 
an^sis IS also shown graphically in Fig. 8 
While interpolation from the former Br 

the former American system is uncertain u^ih 

than 51. clay has been separated. Whe^in 

the former British system to the internation 
ance must be made for the difference bet^^ee 
oven-dry basis of the fractions. If hX, 
been used m the pre-trehtment of the Ld 

: ^ watei 


ien calculated on the 
_ apertures of this screen to those of the 70 
m the international method. Similarly the 

^ separated in this sys- 

time of sedimentation and the inter- 
corresponds to 0-0014 mm. instead of 
• commonly assumed. 

- seen that the limiting particle dia- 
^oups sep^ated in the international sys- 
I io^rithmic basis, the maximum diameter 
- one-tenth that of the preceding 
syaem aU results should be calcuIaL on i 
British system, six fractions 
bon, each fraction was ignited 
r American system, consider- 
in the sand fractions, less in- 
fractions of the soil. Until 
5/^ clay was not separated, 
s for the successive fractions 
ng velocities, using 
smooth curves are 
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By the use of average values for this loss a suitable correction 
can be applied. For Australian soils it has been found that the 
mean value of oven-dry international clay is 14 per cent, 
greater than the ignited value while the corresponding differ- 
ence for silt is 7 per cent. Coarse and fine sand fractions seldom 
lose more than 0 * 5 per cent, on ignition. The values for all 
four fractions, interpolated from the former British system, 
can, therefore, be converted from the ignited to the oven-dry 
basis by the use of the above factors. 


INTERNATIONAL SYSTEM 


Clay 1 

Silt 

1 

Fine Sand 

1 

Coarse Sand 


^ — 

- > 



: — 


0.002 0.02 0.2 iOBUB. 


Fine 

Gravel 

j < ^ I > I ^1 ^ I ^ J 

0.002 0.0 r 0.04 0.2 1.0 2.0 mm. 


FORMER AMERICAN SYSTEM 


Clay 

il 

I 

Silt 


Very Fine 
Sand 

Fine iMedium 
Sand 1 Sand 

Coarse 

Sand 

Fine | 
Gravel j 


-—>■!< — - 


^ ^ ^ 

\< >l 

>i 



0.005 0.05 O.IO 0.25 0.5 l.O 2.0mm. 

; 1 - ^ — . - H— H— 4 H — f— H H 

Xo 4.0 ~ 3.0 2.0 T.O 0 1.0 2.0 

LOG. SETTLING VELOCITY 

Fig. 8. A comparison of the fractions in the International, former British 
and former American methods of mechanical analysis. 

In addition to summation curves, the results of mechanical 
analyses may be represented graphically by plotting the per- 
centages of coarse and fine sand, silt and clay respectively in 
a triangular diagram, or all four fractions in a tetrahedron. 
For these diagrams the values for the mineral fractions of the 
soil are recalculated, before plotting, so as to give a summation 
of 1 00 per cent. Because of the influence of varying amounts 
of organic matter and calcium carbonate, the varying nature of 


FORMER BRITISH SYSTEM 


Clay 


Fioe Silt 


Sill 


Fine Sand 


Coarse Sand 
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the clay minerals (feolinite or montmorillonite) and the ex 

?rSe the varying degree of Scro- 

ucture in the soil, the correlation between mechanical 
analysis and field texture is imperfect. At the present time 


1007. 

CLAY 


• r A PrLIf T K ^ (After 

the best description of texture, that can be derived from the 

Pret^t'Tavlor'’ri'M^‘ ^sed on the triangular diagram of 
, Prescott, Taylor and Marshall (4), shown in Fig. 9 This 

diagram applies only to mineral soils low in organi? matter 

the STf 

wi h hydrogen peroxide, as originally prol 
Sir,?? ” h>unus «,ils. During this pre- 

and the subsequent dispersion of the day is consistently better 
being less subject «, petsona error. , Oridation of soU cr^c 


MECHANICAL ANALYSIS 


55 

matter by hydrogen peroxide depends upon the reaction of the 
soil and is far from complete in calcareous and other alkaline 
soils. More complete oxidation can be eflFected by making the 
soil slightly acid before treatment with hydrogen peroxide 
but, for Australian soils, Hosking (3) has found that satis- 
factory dispersion is obtained after the use of the standard 
method of pre-treatment. Manganiferous soils lead to diffi- 
culties in the peroxide treatment since managanese dioxide 
decomposes hydrogen peroxide catalytically. For such soils 
Robinson (7) uses sodium bisulphite to reduce the manganese 
dioxide, before the addition of hydrogen peroxide. 

After the peroxide treatment, the soil is treated with dilute 
hydrochloric acid, to dissolve carbonates and to remove all 
exchangeable metal ions. The excess of hydrochloric acid is 
then removed by filtration and washing, and the soil dispersed 
in the presence of a small amount of sodium hydroxide. The 
finer fractions (silt and clay) may be separated by a beaker 
method of decantation or determined by the pipette method 
of analysis, in each case using the sedimentation velocities de- 
fined by the International Society of Soil Science and shown 
in Table 1 . If the determination is carried out at a tempera- 
ture other than 20° C. the time of sedimentation must be cor- 
rected since, according to Stokes’s law, velocity of sedimenta- 
tion is inversely proportional to the viscosity of the fluid. 
Either the depth or the time of sedimentation may be altered 
to correct for the effect of temperature. In practice it is gene- 
rally more convenient to keep the depth of sedimentation con- 
stant and to alter the time. Suitable times, appropriate to the 
usual range of temperature are given in Tables 2 and 3. 
Coarse sand is retained on a 70 mesh I.M.M. sieve while fine 
sand is separated from the finer fractions by decantation, as 
mentioned above. 

Whenever sieves are used for the separation of soil fractions 
they should be handled carefully to avoid undue wear. Owing 
to the fineness of the wire, the mesh is easily strained and the 
size of the apertures altered. The wire gauze should be 
periodically examined, under a microscope, and replaced 
whenever serious irregularities develop. Sandy residues re- 
maining on the screen should be rubbed as lightly as possible 
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peroxide and hy^ochloric acid ensures that natural aggre^- 
tions are broken down by the destruction or dissolution of the 
cementing agents, and good dispersion is readily secured by 
me^amcal means, such as shaking, after thorough puddling 
of the soil paste with a rubber pestle, or agitation with a 
rapidly revolving propeller blade. However, the stability of 
the suspension is equally important. All flocculating agents 

b the^herk“°''^ suspension. Whereas, 

m the beaker method, they are automatically removed during 

the course of the decantations, and complete dispersion if 
entually obtained, m the pipette method no such separation 
occurs and it is essential to obtain complete dispersion, and a 
stable suspension, at the outset. Neutral salts, if present in 
^fScient quantity, would tend to flocculate the fine/particles 
For this reason It is preferable to leach the soil with twfor 
d I f / K? to ensure complete removal of 

With Chlute aad but, as the excess of acid is removed, the per- 
meability rapidly decreases. ’ P 

When calauin carbonate is present in soils, sufiicient addi- 
tiona acid must be used to ensure its complete solution in the 
initial treatment. It usually dissolves readily. If excessive 
frothing occurs the addition of one or two drops of capryl 

iZrt h'Iri . . sometimes 

occur as hard compact nodules or as dolomite and mav be in- 
completely dissolved in the acid in one hour. In such cases the 
soil should be left in contact with the acid for a longer periS 
frequently overnight, to ensure complete solution G^sum 
untfTh difiiculties in the pipette methodj^ for, 

trSment ? ^ in the preliminar^ 

, It will flocculate the subsequent suspension. Its 

complete removal is most readily assured by shaking the soil 
tion hours, before tora- 

wa7"‘ir 
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free from soluble salts, useful values for silt and clay can be 
obtained by the technique described on p. 77. The method is 

containing calcium carbonate. 
Besides diftenng in the method of dispersion used, the hydro- 
meter method diflFers from the pipette method in that the 
ensity of the suspension is determined by means of a hydro- 
meter, instead of the concentration by weighing the amount of 
soil ^spersed in a known volume. Whereas the depth of 
sampling is easily defined in the pipette method, the depth 
corresponding to the hydrometer reading is ill-defined, since a 
• arge volime of suspension is displaced by the hydrometer, 
and the effective depth varies with the length of stem im- 
mer^d. i he calculations necessary to determine the effective 
depth are very involved. They have been fully worked out 
by Thoreen (8). He considers that satisfactory values for 
particle djameters can be calculated from Stokes’s law if the 

it n immersion of the Bouyoucos hydrometer is 

taken as 0 42 times the total depth of immersion. Because of 
the other limitations of the method correction for the effective 
Syses IS seldom warranted in rapid routine 

Mechanical Analysis: Pipette Method.' 

moisture. 

fittedtrr^^" ^ silica dish, 

fitted with an alummium^ cover. Place the dish (uncovered) 

oven at 1 05 C. and dry for 12-1 6 hours. Replace the 
dryS moisture in the air- 

^^jOSS ON IGNITION. 

After determining the moisture, remove the aluminium 
silica dish, containing the oven-dried soil, and 
ansfer the dish and soil to a cool muffle furnace. Raise the 

Sarp minutes at a bright red heat, 

replace the aluminium cover, cool in a desiccator and weigh 
i ne turther loss in weia-ht corrpsnAnrIc ^■u^ 1 : 


Iliif 
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u >' 1 ■ , > i •' ^ 
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since no correction is necessary for the amount in solution, after 
evaporation of the pipette sample. However, a few heavy 
types of soil have been encountered, which failed to disperse 
completely in the presence of ammonia. For these, Walkley 
( 1 OJ found sodium hydroxide brought about satisfactory dis- 
therefore recommended that sodium hydroxide 
should be used for the dispersion of all soils. Because of the 
greater stability of sodium clay suspensions, washing of the soil 
after the acid treatment does not need to be so complete as in 
the case of ammonia dispersions. Washing until the filtrate is 

nearly neutral is usually sufficient. 

When large numbers of mechanical analyses are required 
the method given on p. 59 is recommended. This technique 
has been in use in these laboratories since 1 925 and it has been 

found to give results strictly in agreement with the interna- 
tional method. 

_ The pre -treatment with hydrochloric acid dissolves all cal- 
auni carbonate before determining the particle size groups.' If 
It IS desired to include the carbonate in the mechanical analysis 
of calcareous soils the soil can be pre-treated with sodium 
hypochlorite as in Troell’s method (9). In this method the 
organic matter is oxidized by the hypochlorite and the soil is 
left in the sodium saturated condition. After filtration and 
washing It is dispersed in the presence of a small quantity of 
sodium hydroxide and the mechanical analysis carried out by 
the pipette method as usual. In many mallee soils it is found 
that a larp part of the calcium carbonate falls within the 
limits of the clay fraction. 

As a rapid method of mechanical analysis, Bouyoucos (1 ) 
mtroduced the hydrometer method. The method has been 

^ en^neers (8), particularly in connexion 

ith the specifications of foundations for highways. For this 
purpose drastic treatment of the soil aggregates is avoided in 
preparing the suspensions and sodium silicate is commonly 
a dispersing agent. More complete dispersion 
can be obtained when sodium oxalate is used. The method is 
ighly empirical but, for many soils low in organic matter and 


free from soluble salts, useful values for silt and clay can be 
obtained by the technique described on p. 77. The method is 
not recommended for soils containing calcium carbonate. 
Besides differing in the method of dispersion used, the hydro- 
meter method differs from the pipette method in that the 
density of the suspension is determined by means of a hydro- 
meter, instead of the concentration by weighing the amount of 
soil (dispersed in a known volume. Whereas the depth of 
sampling is easily defined in the pipette method, the depth 
corresponding to the hydrometer reading is ill-defined, since a 
large volume of suspension is displaced by the hydrometer, 
and the effective depth varies with the length of stem im- 
mersed. The calculations necessary to determine the effective 
depth are very involved. They have been fully worked out 
by Thoreen (8). He considers that satisfactory values for 
particle diameters can be calculated from Stokes’s law if the 
effective depth of immersion of the Bouyoucos hydrometer is 
taken as 0 -_42 tirnes the total depth of immersion. Because of 
the other limitations of the method correction for the effective 
depth of immersion is seldom warranted in rapid routine 
analyses. 

Mechanical Analysis: Pipette Method.' 

moisture. 

Transfer 10 g. of air-dry soil to a weighed silica dish, 
fitted with an aluminium cover. Place the dish (uncovered) 
m an oven at 105° C. and dry for 12-16 hours. Replace the 
cover, cool in a desiccator and weigh. Multiply the loss in 
weight by 1 0, to obtain the percentage of moisture in the air- 
dry soil. 

1^/f.OSS ON IGNITION. 

After determining the moisture, remove the aluminium 
cover from the silica dish, containing the oven-dried soil, and 
transfer the dish and soil to a cool muffle furnace. Raise the 
temperature and ignite for 30-40 minutes at a bright red heat. 
Replace the aluminium cover, cool in a desiccator and weigh. 
The further loss in weight corresponds to the loss on ignition. 
Multiply by 10, to obtain the loss on ignition, expressed as a 
percentage of the air-dry soil. 
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; LOSS ON ACID TREATMENT^ 

100 Jnf h i ^ ^ 250 ml. beaker, add 

l UU ml. oi 0 2N hydrochloric acid, and allow the soil and 
acid to react for one hour, stirring at intervals. H the 
cornams more than 2 per cent, of calcium carbonate add an 
additional ml. of 2N hydrochloric acid for each per cent of 
N Z Then filter through an 1 1 cm wSLl 

0 . 4 filter paper, which has been previously dried over 
mght in a weighing bottle, in an oven at 105° C., and weighed' 

^^Ind^lolT"^ filter paper with three portions of 40 m!.,-2o 
mi., and 20 ml. respectively of the fifth normal arid tI 

^ as completely as possible, transfer the 

" an’ « lor f bottle “an 

S The Hpff ‘'““■'b, cool in a deiicator and 

g . 1 he dilFeience between the first weio'ht (the wpio-iiL-irv 
b«da containing the dried filter paper^uT I 007^ "hf 

c”S :„dT;ot°l“f the acid tLlmlnl 

corresponds to the moisture and KSs on acid treatment De 

duct he weight of moisture, already determinedlranother 
jmple. and multiply by 1 0, to obtain the loss on aci“trSt- 
ment, expressed as a percentage of the air^dry soil. 

nate"or ^sum “'itaining hard nodular calcium carbo- 
1 , the determination of loss on acid treatment- 

prepaltio“otth°"’''"f *f '*>0 actual 

prepai ation of the sample for mechanical analysis. 

LOSS ON SOLUTION (An alternative to loss on acid treatment). 

ml ^ ° j *^0 a 250 ml. beaker, add 20 

mL of 6 per cent, hydrogen peroxide and leave to stand o^r- 
^.ng wr;Sr h”" “'■‘i pi- it on a 

avoid the soil frothing over. Then immerse fhe beakeSe 
f rnto • T necessaiy, to reduce 

mi^S and^A td ww 10 

the covL and side, Then rinse 

40 45 ml u water, dilute to about 

a ^e’r «« minutes, over 


MECHANICAL ANALYSIS 6i 

When the contents of the beaker are cold, dilute to about 
50 ml., add 5 ml. of 2N hydrochloric acid and stir well. If 
the soil contains more than 2 per cent, of calcium carbonate, 
add an extra O' 5 ml. of 2N hydrochloric acid for each per 
cent, present. Allow the soil to react with the acid for one 
hour, stirring occasionally during this period. 

After standing for one hour filter, through an 1 1 cm. What- 
man No. 44 filter paper, which has been previously dried over- 
night in a weighing bottle, in an oven at 1 05° C., and weighed. 
Wash the soil and filter paper with three portions of 40 ml., 
20 ml. and 20 ml. respectively of 0'2N hydrochloric acid. 
Then wash with distilled water until the filtrate is nearly 
neutral to litmus. After draining as completely as possible 
transfer the soil and filter paper to the original weighing 
bottle, place in an oven at 1 05° C., dry for 24 hours, cool in a 
desiccator and weigh. The difference between the first wei^t 
(the weighing bottle containing the dried filter paper plus 
5 '000 g., the weight of soil taken) and the weight after the 
acid treatment corresponds to the moisture, loss on peroxide 
treatment and loss on acid treatment. Deduct the weight of 
moisture originally present in the air-dry soil, already deter- 
mined in another sample, and multiply by 20 to obtain the loss 
on peroxide and acid treatment, expressed as a percentage of 
the air-dry soil. Report this value as loss on solution. 

GRADING INTO FRACTIONS. 

, E-qm^ment: The following equipment is necessary or 
desirable for the routine mechanical analysis of soils by the 
pipette .method. If large numbers of analyses are being 
carried out it is convenient to work with batches of ten soils at 
a time. In such cases it is necessary to have ten sets of sieves, 
sedimentation cylinders, pipettes and beakers. The apparatus 
described below has been selected or specially designed to 
facilitate the operations involved and to reduce the manipula- 
tions required. 

Shaking 'Machine. Any standard shaking machine can be 
used for this determination, but the most convenient type is an 
end-over-end shaking machine, designed to hold ten sedi- 
mentation cylinders and operating at about 15-16 revolutions 
per minute. Since the machine takes standard sedimentation 




and ri.ANT analysis 

for 

type of Stimfg SS\l/50 h^°) Jaboratory 

teed with a propeller shaft and d„S, , f ^ a '' “’'^““1'' ^ 
stamless steel. The propeller if?- propeller of 
IS 13 mm. at its widest point. The base n-fJh°^^ 
unit contains a circular recess, ust t L f 

u^l,squat-shaped beaker. The 

position, m relation to the proDeltrlf P«Per 

^crew. A baffle grid consisdnr f ’ ^ clamping 

uim._high and 6 mm! ^ 

flat rings 82 mm. external diameters rl bottom to 

rnto a 600 ml. squat-shanedf I fits snugly 

veaed from roS;t'’:te«tT«t^'’'- '=“®' 

uverthetopof thebfakef andff^f P^oj^cts * 

the influence of the rapidly rotatiS ^P- Under 

water are continuously throwf If 

the baffle grid. These tend rn "^^^tical plates of 

and ensure efficient mechanicaTdiW 

gates. dispersion of the soil aggre- 

SucHon Regulating Device Th^ o 
Ja^ammatically in Fig ]0 en^M ^ ^ f shown 
for filhng the pipettes, tit' l l I T ^ *“ >=' 

the pipette, yet prevents this «„ f- ^ ^^"tle suction on 
■strong. The filter becoming too 

that It will continue to operate in sn^te to ensure 

pressure in the main supply Itifn ° in the water 

4 4 - 4-5 cm. diameterS'l30 cm '"P 

with water to a depth of 30-35^ f filled 

B- It thus acts as a valve and fh lower end of tube 

sure exceed this predeterm’inpd’ the reduction of pres- 
air flows in through tube B and i!?f ^ water), 

preventing the vacuum increa^f if j by 
l°”ditions, the pipette, connectedliv ^^der these 

filled very gently, withoutXfrbW rf f 
suspension. To obtain uniform ^ the 

pipettes used with this device^shouldhff°”" .fi^W, all 

yme sized jets, that is, their timrof if approximately the 
■dardized within certain limits elivery should be stan- 
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Sieves. For the accurate separation of the fine and coarse 
sands the sieves should be made from 70 mesh Institute of 
Mining and Metallurgy standard brass or copper gauze. This 
should be tightly stretched across the sieve frame, but the 



To pipette 




Fig. 10. A constant suction device for taking tlie pipette 
samples in mechanical analysis. 


apertures must not be strained. The frames are 9 cm. in 
diameter at the top and at the screen. Below the screen they 
are funnel-shaped, tapering to 6 cm. diameter, so that they fit 
into the mouths of the sedimentation cylinders. 

Sedifnentation Cylinders. Gas cylinders, 40 cm. high 
and approximately 6*5 cm. internal diameter, are most con- 
venient, provided that they are graduated to contain 1 ,250 ml. 
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and that this graduation mark is not less than 25 mm nor 
more than 7 S mrn. below the top of the cylinder. The cylin 
ders should have flanged tops and are closed by means of kass 
fitted with sheet rubber gaskets, to ensure a waterS 
joint. Jhe brass caps also enable the cylinders to be clamped 
m position in the shaking machine. ^ ^ 

_ Pipettes. For removing the samples of suspension 

Mdrj ^ lengthened lower stems are n^ssa,^’ 

and these can be obtained from most manufacturers. Speci- 
fications of a pipette suitable for the first sample are as follows • 

^Tf'Se^ce.™" “* ***' 

Lower stem: to be 39 cm. in length and to have a ring etched 
around it at a distance of 2 8 0 mm. from the lower tip 
^per stem ; to have the usual dimensions. 
vTime of delivery; to be within the limits of 25 and 30 
seconds and to be marked on each pipette. 

Tecelar'^Tl,*^^ P'P^ttes is 

fS f Ti?^ specifications for these are the same, except 

distance oi 220 mm. from the lower tip. 

Mark each pipette to correspond to a given cylinder and 
y means of a 1 cm. length of thick-walled rubber tubing fit- 
ter ^^jost it so that, wheif the 

lowj stem is passed through the cork block (below), placed 

on the ydimentation cylinder, until the rubter tubb| rests'- 

of the suspension, indicating that the tip of the pipette is the 
correct distance below the surface. Note that, for^the second 
pipyte sample, the surface of the liquid will be lower than the 
graduatmn mark on the cylinder, owing to the withdrawal of 

sample. Make allowance 
pipettes. If the rubber tubing fits 
tW correctly adjusted, provfded 

sametrkSoi™’'' **'' 'ho 

2 cm compressed cork sheet, about 

. thick, to a 1 0 cm. arcle or square and drill a hole through 

14 ■ 
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the centre, 6 mm. in diameter, or just large enough to take the 
lower stem of the pipettes freely. 

Beakers. For the fine sand decantation 500 ml. tall 
shaped beakers are most convenient. These should be per- 
manently marked on the outside by means of a thin line of 
gl^s writing ink, to indicate a height of 100 mm. above the 
inside bottom. 

C amel Hair Mo-p. Shorten the hairs of a camel hair mop, 
fitted with a wooden handle, to about 12 mm. in length and 
dip It in molten paraffin wax, to impregnate the base of the 
hairs. W^hen cold, free the hairs from excess paraffin by work- 
ing between the fingers. 

Rubber Pestles. Take a rubber stopper about 25 mm. 
long and 20 mm. diameter at its base and drill it about three- 
quarter way through from its narrower end. Stretch out the 
core, clip it off and insert a stout glass rod about 22 cm. long 
into the hole. 

Stirring Paddle. To one end of a spindle, 46-48 cm. 
long, attach a circular piece of sheet brass 6 cm. in diameter 
and 3 mm. thick. Drill 6-8 holes in it, each about 6 mm. 
diameter. This paddle produces a vigorous stirring action in 
the cylinders by acting in the same manner as the piston of a 
pump. 

Reagents: 

2N Hydrochloric A cid. Dilute 175 ml. of concentrated 
hydrochloric acid to 1 litre. 

0-2N Hydrochloric Acid. Dilute 175 ml. of concen- 
trated hydrochloric acid to 1 0 litres. 

Sodium Hydroxide. Dissolve 40 g. of sodium 
hydroxide in water and dilute to 1 litre. 

None of the above reagents require standardization. 

Treatment with Hydrogen Peroxide: 

Transfer 25 g. of the air-dry soil to an 800 ml. tall 
shaped beaker, add about 50-60 ml. of 6 per cent, hydrogen 
peroxide and allow the reaction to proceed in the cold, prefer- 
ably overnight. Then stand the covered beaker on the top of 
a boiling water bath, watching it carefully and removing it 

when necessary, to prevent the soil frothing* over. 
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If the soil contains much organic matter, add another 30 ml. 
of hydrogen peroxide, after the first vigorous reaction on the 
water bath has ceased, say after 5-10 minutes, and leave the 
beaker on the top of the bath for a further 10 minutes. If 
the soil is particularly rich in organic matter, add a third lot 
of 30 ml. of hydrogen peroxide, again heating for 1 0 minutes 
on the top of the water bath. This third treatment is, how- 
ever, seldom necessary. After the reaction on the top of the 
bath has slowed down, immerse the beaker in the boiling water 
of the bath for 5 minutes. Then remove-it from the bath, add 
25—40 ml. of hydrogen peroxide, and replace the beaker on 
the top of the bath for 1 0 minutes and in the bath for 5 minutes 
as before. 

If the soil contains only small to moderate amounts of or- 
ganic matter (e.g. most subsoils and a few surface soils) it does 
not require so much treatment with hydrogen peroxide. After 
heating such soils for about 1 5 minutes with the initial amount 
of hydrogen peroxide, on the top of the bath, immerse the 
beaker in the bath for 5 minutes. Then remove, add a further 
25-40 ml. of hydrogen peroxide and, after a minute or two, 
replace the beaker on the top of the bath for 1 0 minutes and 
in the bath for 5 minutes as before. In each case, when the 
treatment with hydrogen peroxide on the water bath is 
finished, rinse the cover and sides of the beaker with water 
and dilute to about 150 ml. Bring the contents to the boil 
over a burner or hot plate and keep gently boiling for 5 
minutes, watching carefully to avoid frothing over. Place 
aside to cool. 

If the soil contains manganese dioxide, before commencing 
the hydrogen peroxide treatment add 100 ml. of water and 
0'5-2'0 g. of sodium hydrogen sulphite and boil until the 
volume is reduced to about one-half. Then add hydrogen 
peroxide and continue with the treatment as described above. 

Add Treatment and Filtration: 

When the contents of the beaker are cold clean the sides 
with a rubber pestle and add 25 ml. of 2N hydrochloric acid. 
If the soil contains more than 2 per cent, of calcium carbonate 
add an extra 2‘5 ml. of 2N acid for each per cent, present. 
Then dilute until the volume is approximately 250 ml. and 
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thoroughly rub the soil with a rubber pestle. Commence the 
above operation early in the morning so as to give sufficient 
time for the subsequent filtration and washing, which may 
require up to 7 hours for medium to heavy soils. 

Allow the acid and soil to react for one hour, rubbing well 
at intervals. Then test the solution with a piece of blue litmus 
paper, to ensure that an excess of acid is present, and filter 
through a Buchner funnel, carefully fitted with an 1 1 cm. 
Whatman No. 50 hardened filter paper. Wash the soil with 
four successive porticfns, each of 50 ml., of 0‘2N hydrochloric 
acid, draining the filter completely between each addition. 
Then wash thoroughly with water, adding it in small portions 
at a time and draining completely between each addition. Con- 
tinue the leaching with water until, on testing a few drops of 
the filtrate, it is nearly neutral to litmus. It is usually neces- 
sary to continue the filtration until the filtrate amounts to 
about 800-900 mi. 

Acid Treatment and Filtration (Procedure for Soils Con- 
taining Gy f sum ): 

If the soil contains more than 2-3 per cent, of gypsum the 
foregoing procedure may not dissolve it completely and the 
gypsurn remaining in the soil will interfere with the proper 
dispersion of the clay. After the peroxide treatment of such 
soils, transfer the soil and water to a shaking cylinder, dilute 
it to about 650 ml. and add 115 ml. of 2N hydrochloric acid. 
If the soil contains more than 10 per cent, of calcium car- 
bonate, add an extra 2 • 5 ml. of hydrochloric acid for each per 
cent, present. After allowing any carbon dioxide evolved to 
escape, close the cylinder and shake for 8-16 hours in the shak- 
ing machine, to dissolve all the gypsum present. After shak- 
ing, filter through a Buchner funnel, fitted with an 1 1 cm. 
Whatman No. 50 filter paper. Wash the soil with six por- 
tions, each of 50 ml. of 0'2N hydrochloric acid and then 
with water, as before, until the filtrate is nearly neutral to 
litmus. ■ 

Disfersion: 

_ After the soil has been washed nearly free from acid and 
drained, transfer it from the Buchner funnel to a 600 ml. 
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squat shaped beaker, using a spatula and two large clock 
glasses to assist in the transfer. After removing most of the 
soil spread the filter paper on one of the clock glasses and 
clean the last traces of soil from it by means of a camel hair 
mop freely moistened with water. Use the same camel hair 
mop to clean the Buchner funnel and the second clock glass 
rinsing each with a jet of water from the wash bottle. Clean 
the camel hair mop by rinsing it in two or three portions of 
water contained in a small beaker. When the whole of the 
soil has been transferred to the 600 ml. beaker the volume of 
water should not exceed 200-250 ml. Now add 1 0 ml of N 
soAum hydroxide pkce the baffle grid in position in the beaker 
and clamp it rigidly in position. Place the beaker beneath the 
propeller of the motor dispersion unit, lower the propeller 
into position and set the latter in motion, controlling its speed 

y rneans of a rheostat. Adjust the speed so that vigorous 
stirring is effected, avoiding loss from splashing. Continue 
tne mechanical dispersion fQrqO-15 minutes, then raise the 
motor and propeller and rinse the propeller blades into the 

beaker. Remove and rinse the baffle grid similarly. 

Plarc a 70 mesh sieve in the mouth of a sedimentation cylin- 
der. 1 our the suspension on to the sieve and, with a stream 
of water from the wash bottle, wash as much material as 
possible through the sieve, until no more clay and silt remain 
on the sieve and the cylinder is about one-half full. Transfer 
the sieve to a small aluminium tray, dry and keep for the sand 
separation. 

in the cylinder and clamp it in position 

m the shaking machine. Shake for 12-16 hours to^ensure 
complete dispersion. Shaking is most efficient if the cylinder 

Th^kbr'" two-thirds full at the time of 

Dispersion ( Alternative Method) : 

in D- Jif dispersion unit is not available, use the follow- 

mg method of hand dispersion. 

Transfer the soil from the Buchner funnel to a porcelain 

^ a spatula and two large 

clock glasses to aid in the transference. Leave the filter paper 
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on one ot the clock glasses. Into a second basin wash the 
tunnel and clock glass, using a stream of water from the wash 
bottle and a camel hair mop, to loosen any adhering soil. Then 
remove the last traces of soil remaining on the filter paper, 

rubbing It with the brush and collecting the suspension in the 
second basin. 

Then using the camel hair mop or a rubber pestle, work the 
sod in the first basin into a thick paste or cream, adding iust 

sufficient water for this purpose. Rub the paste thoroughly to 
bring abou^complete mechanical dispersion of all the soil 
particles. This rubbing is essential for good dispersion in 
many soils Continue working the soil, adding the water 
gradually (10-20 ml. portions at a time) until the basin is 
about three-quarters full. Set aside to stand for a minute or 
two, then demnt the suspension through a 70 mesh sieve into 
a sedimentation cylinder. Again rub the residue with a little 
more water, allow to stand and decant as before. Repeat this 
twice more or until nearly all the clay has been separated from 
the sandy residue. When most of the clay has been removed 
the rubber pestle will be found more suitable than the brush 
for working the ^il. Now pour the liquid from the second 
basin on to the sieve, puddle any sediment in the basin and 
transfer it completely to the sieve. 

Transfer the sandy residue from the first basin to the sieve, 
ru mg It ijghtly with the brush and washing as much through 
as will readily go. Finally clean the brush in about six smSl 
portions of water, in one of the basins, washing the residue on 
to the sieve each time. Rinse the lower rim of the sieve, place- 
dom dry, and set aside for the sand separa- 

Add 1 0 ml. of N sodium hydroxide to the suspension in the 
rnelTfSr should notL more than 

>2-<« hours to 

Sils and Clay: 

bench^rWdK^L^’ stand the sedimentation cylinder on the 
bench, rinse the brass cap into it and dilute the suspension to 
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the 1,250 ml. graduation mark. Determine the temperature 
of the suspension and, from Table 2, the proper time of sedi 

f°'' the fi« 

table 2. 

TAs Time of Sedimentatiim at hi f event Temferatures. 
International System. 


Temperature. 


Deg. C. 


Fine Sand 
Decantation. 
Depth 10 cm. 

Mins. Secs. 

6 40 

6 30 

6 20 

6 10 

6 0 

S 50 

5 40 

5 30 

S 20 

5 10 

5 0 

S 0 

4 48 


First Pipette 
Sample. 
Depth. 28 cm,. 


Second Pipette Sample 

Depth Depth 
22 cm. 28 cm. 


4 30 


31 

32 

33 


3 45 

3 40 

3 35 
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At a convenient time stir the suspension, by steady but 
vigorous up and down strokes of the stirring paddle, until all 
sediment is removed from the bottom of the cylinder, usually 
30-45 seconds. Remove the paddle from the suspension and 
note the time of commencement of sedimentation. 

When the proper time of sedimentation has nearly elapsed 
select the 39 cm.-stemmed pipette belonging to the cylinder, 
passnts^lower stem through the hole in the cork block and 
check the adjustment for depth of sampling against the out- 
side of the cylinder . Ten seconds before the correct time of 
sampling dose the upper stem of the pipette with the fore- 
nnger, introduce the pipette into the suspension and lower the 
cork block and pipette until the cork block rests on the top of 
he cylinder, indicating that the tip of the pipette is 28 cm. 
below; the surface of the suspension. Then fill the pipette by 
applying continuous gentle suction to it, from the device 
shown m 0. Remove the pipette from the suspension, 
djust the liqdid m it to the graduation mark and deliver the 
sample into a we^hed silica capsule (64 mm. diameter and 
19 mm. deep). Evaporate the sample to dryness on a water 
bath, transfer the capsule to an oven at 1 05 ° C., dry overnight, 
cool in a desiccator and weigh. Record the increase in weight 
as oven-dry silt and clay. After weighing transfer the cap- 
sule to a cool muffle furnace, raise the temperature and ignite 

i ^ Again cool in a desicLor 

+ clay corresponding value for ignited silt 

.nd sedimentation cylinder to stand, away from heat 

sunlight, until the proper time to withdraw the 
second pipette sample, determined from Table 2 and the 
average air temperature during sedimentation. For this 
sample use the 32 cm.-stemmed pipettej withdrawing the 
sample from a depth of 22 cm. below the new surface level of 

SsulfSvr'r! evaporate it in a silica 

Remrdfl ^^e first Sample. 

Recoi d the weight as_oven-dry clay. If desired, determine 
the corresponding ignited value. 


Hr ' 

f i . ! / 
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The percentage of silt in the original soil then corresponds to 

(Weight of first pipette sample-Weight of second sample) X x ^ 
_ = (Weight of first pipette sample-Weight of second sample) X 250^^ 

The percentage of clay corresponds to 

Weight of second pipette sample X 2S0 

corrected for the amount of 
“«of ,wf ' for. dispersing the suspensbrini 
most of this remains in solution. This correction can be made 

®®Pf= is always withdrawn after an 

SSflsSr temperature 

venientJv shnrt sedimentation becomes incon- 

mtly short and, for temperatures higher than this it is 
more convenient to take the second samplf at a greater depth 

pwngacorrespondingly increased timeifsedimentationXe 

frfha J '''It™ “Sing this depth of sampling 

or the Kcond pipette sample it is desirable to stir the sufpen- 

Tnd to tte'th'eT® Removing the first saiSple 
and to take the commencement of sedimentation from this 

second stirring. It will be noted that the surface of the sus- 

pen^on in the cylinder will be lower, due to the removal of 

the first pipette sample, so that the 39 cm.-stemmed pipette 

used for the second sample will require a different adfust 

^^1 m relation to the cork block, ’to that 

Coarse Sand: 

it sieve is dry, rub 

m3t?r- forefinger and sieve until no more fine 

material passes through the screen. This can be done by hand 
but more concordant results are obtained if it be done^ in an 
automatic sieving machine, sieving for 4 periods each of three 
minmes, systematically changing the positions of the sieve in 

he Z " transfer 

remaining on the 70 mesh screen to a weighed 
crucible, dry overnight in an oven at 1 05° C., and weieh.^ To 
0 am the percentage of coarse sand multiply the weight by 4. 
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Fine Sand: 

_ After withdrawing the second pipette sample from the 
sedimentation cylinder, remove the suspension to within 3-4 
cm. of the bottom, by means of a siphon tube connected to a 
filter pump. The lower end of the siphon tube should be 
bent upwards to prevent disturbing the sediment on the bottom 
of the cylinder. Then bring this sediment into suspension 
and, by means of a stream of water from the wash bottle, 
transfer it to a 500 ml. tall shaped beaker, marked at a depth 
of 1 0 cm. above the bottom. To this beaker also add any fine 
sand, which has been separated from the coarse sand by 
sieving. 

Place the beaker containing the suspension aside and, after 
10-15 minutes, carefully pour off about three-quarters of the 
supernatant liquid so as to disturb the sediment on the bottom 
as little as possible. Fill with water to the 1 0 cm. mark, stir- 
ring the sediment on the bottom, and decant as before, after 
5 minutes. Repeat this operation once more, by which 
time the turbidity will have been considerably reduced and 
the proper times of decantation can be used. 

Determine the temperature and, from the second column 
of Table 2, the corresponding time of decantation for the fine 
sand. Now fill the beaker rapidly to the 1 0 cm. mark, so en- 
sunng a thorough mixing of all sediment on the bottom, and 
set to sediment. After the pre-determined time interval, 
pour off the supernatant suspension, as completely as possible, 
without losing any material which deposits on the bottom of 
the beaker. Refill the beaker to the 1 0 cm. mark and repeat 
the decantations, until a negligible amount of material re- 
mains in suspension at the end of the time of sedimentation. 
Towards the end of the decantations rub the sandy residue 
twice with a rubber pestle, to remove the last of the finer 
fractions. Time the last few decantations so that the correct 
time interval occurs in the middle of the pouring off. 

When decantation is complete, transfer the fine sand to a 
weighed silica basin, decant the excess water from it, evaporate 
to dryness on a water bath, (dry overnight in an oven at 1 05 ° C., 
cool in a desiccator and weigh. To obtain the percentage of 
fine sand, multiply its weight by 4. 
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Sl&tsmefit of Analysis! i 

T^x analysis showing the oven-drv oercentacr^. 

of each fraction m the original air-dry soil, as folbws: ® 

Coarse Sand 
Fine Sand 
Silt 
Clay 

Motto on Solution) 

Total 

Report these values, or recalculate and report the values on . 

errors°in^w?o-h^^^^ against loss, or possible 

values: tabulate and summate the following 

Coarse Sand (oven-dry) 

Fine Sand (oven-dry) 

Silt (ignited) 

Clay (ignited) 

Loss on Acid Treatment 

Moistm*e 

Loss on Ignition 

SSittltystXTe lit 

Itoe SiST ‘ "‘I if T *°'n' “ 

niriAn tT? analysis should be regarded with sus- 

spsrriiSSlS 
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Mechanical Analysis: Beaker Method. 

Transfer 10 g. of soil to a 500 ml. tall shaped beaker and 
treat it with hydrogen peroxide, exactly as described on p. 65 
but using proportionately smaller amounts of peroxide. When 
cold, dilute to about 100 ml. and add 10 ml. of 2N hydro- 
chloric acid or, if the soil contains calcium carbonate, an addi- 
tional millilitre for each per cent, of carbonate. Stir well and 
allow to stand for one hour. Then dilute with water until 
the depth of liquid is about 1 0 cm., stir well and remove the 
stirring rod. Allow to stand for a few minutes, then decant 
the clear supernatant liquid as completely as possible and dis- 
card it. Refill with water, leave to stand until clear and again 
decant as completely as possible. Thoroughly rub the residue 
on the bottom of the beaker, with a camel hair mop or rubber 
pestle (p. 65), to puddle it and give good mechanical disper- 
sion. Dilute the paste with about 1 00 ml. of water and wash 
it through a 70 mesh I.M.M. standard wire screen, collect- 
ing the turbid suspension in another 500 ml. tall shaped 
beaker, which is marked on the outside at a depth of 1 OO mm. 
above the bottom. Lightly rub the material on the sieve and 
wash thoroughly until no more clay and silt remain. Then 
rinse the lower rim of the sieve, place it on a small aluminium 
tray and dry. When dry, rub the sandy residue on the screen 
with the forefinger and sieve by hand until no more fine sand 
passes the screen. Add the fine sand to the suspension in the 
beaker. The coarse sand remains on the screen. Transfer 
it to a weighed crucible, dry overnight in an oven at 1 05° C., 
cool in a desiccator and weigh. To obtain the percentage 
of coarse sand in the original air-dry soil multiply the weight 
by 1 0. 

Add 4 ml. of N_ sodium hydroxide to the suspension in the 
500 ml. beaker, dilute it to the 10 cm. mark, stir well and 
place aside to sediment. If it still flocculates decant and dis- 
card the clear supernatant liquid and refill to the 1 0 cm. mark. 
If the suspension is turbid leave it to sediment for the time 
shown in the second column of Table 3, corresponding to the 
temperature of sedimentation. After the lapse of this time, 
decant the turbid suspension, without disturbing the sediment 
on the bottom, and collect it in a large bottle. With the 
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ammonia and a«in fiJUo ? ?. ^ “Wratec 

Between decanltions ke^^ tte ha? mot™* ?? 

pestle in a small beaker alongside c/f^‘ 

the decantations, rubbing the residue anH r^fiir 
with ammoniacal water until only negliribfe amoLts “ 
re^ntn suspension at the end "of tfe |eriZrS?Lt! 

fn i>f) 'in A from 12 decantations for sandy soils 

to 20-30 decantations for some heavy clays. The SstLn t 

longer tTnlfr 

is nnf ^ the suspension is very turbid if 


table 3 . 

Times for the Clay smd Silt Fractions, 

ueftfp of Sedm^mtation 10 cm. 


Clay 

Decantation, 
Hrs. Mins. 


Silt 

Decantation 
Mins. Secs. 


peratnre, 

Deg. C. 


o 

Silt 

. Decantation. 

Decantation. 

Hrs. Mins, j 

Mins. Secs. 
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possible, and wash the residue into a tall beaker. Again leave 
until the supernatant liquid is clear and siphon it off. Transfer 
the cla,y residue to a weighed evaporating basin, add one or 
two millilitres of ammonia and evaporate it to dryness on a 
water bath. Dry in an oven at 1 05 C. for 24 hours, cool in a 
desiccator and weigh. To obtain the percentage of clay 
multiply by 1 0. 

To separate the silt from the residue remaining in the de- 
cantation beaker add water, stir well and fill to the 1 0 cm. 
mark. Note the temperature and set aside to sediment for the 
time indicated in the third column of Table 3. After the 
proper time decant the turbid suspension and collect it in a 
large bottle. Repeat the sedimentations and decantations^ 
until negligible amounts of silt remain in suspension. 

When the whole of the silt suspension has been obtained 
allow it to stand for 2-3 days so that the silt settles to the 
bottom of the bottle. Remove the supernatant liquid by 
siphoning, concentrate the silt further by leaving the remain- 
ing suspension to settle in a tall shaped beaker and then rinse 
it into a weighed evaporating basin. Evaporate the suspension 
to dryne^ on the water bath, dry overnight in an oven at 105° 
C., cool in a desiccator and weigh. To obtain the percentage 
of silt multiply by 1 0. 

Transfer the fine sand remaining in the decantation beaker 
to a small evaporating basin, decant the surplus water, evapo- 
• rate to dryness, dry overnight in an oven at 1 05° C., cool in a 
desiccator and weigh. Multiply the weight by 10 to obtain 
the percentage of fine sand. 

Determine Moisture and Loss on Acid Treatment by the 
methods given on pp. 59-61. 

Mechanical Analysis: Hydrometer Method. 

^ This method, although more rapid than the pipette method, 
gives approximate values only, for silt and clay. It should 
not be used for saline or organic soils nor for soils which are 
nown to be difiicult to disperse. It also gives anomalous re- 
sults with calcareous soils since there is no pre-treatment with 
hydrochloric acid to remove the calcium carbonate. Details 
of the rnethod used by T. J. Marshall in these laboratories 
are as follows: 
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Equipmem: 

used."S”er„JtL°fr'^ ''^'^0”“- is 

direcdyin percmtals Sf ,S *■> s«sd 

adjusted for a temperature of i" >» 

all length of the hydrometer is 28 ? mm X u 
mm. long. being 1 50 

Motor Dispersion Unit. See p 62 
Stirring Paddle. See p. 65 . 

Method: 



to fO^*ofovel^®rf rn '-I™!'"' 

1 n/T r , ^ ^ medium to heavy textured 

PJirfs fhp Koffl -J • , , ^ -^bf sodium oxalate 

dispersic. uuit&ao 7*“' 

a sutabie .dimeutatiou cylmder'Sd ‘sp'eS 0 ^^ 

paddie stSr™ L*? “spensiou. working tl stiS^g 
paaoie steadily up and down in it. Then remove the 

“r of sedimentatioui ^ 

igog?r”:diSef^ 

suspension aSjo^iSSreS p«SrS't!m= 
note the reading at this time. If frothing at the surS^^f 
the suspension makes it difficult to read the croU aa 
two *ops of amyl or capryl alcoSSt & frS. " 

1 9 JO’ C tiiffore markedly from 

0-3 uniS'l^t:; de^?e“;.r? ■'“3* 

aame amount forLcl^g^L Wol ,9^0 ?h3f,'"' 
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and coarse sand are required these 

delritn f fr— by and decantation, exactly as 

described for the pipette method (pp. 72—73). 

REFERENCES 

(1) Boutouoos, G. J.: Soil Sd., 1927, 23, 319-330 and 34-3-353. 

(2) First Commission I.S.S.S.: Trms. 1st Comm. Int. Soc. SoilSci. Vtr- 

smiles, 1934, 303 and 305. 

(3) Hosking, J. S.: J. Agric. Sd., 1932, 22, 92-100. 

(4) Prescott, J. A., Tayix>r, J. K. and Mai^hali., T. J.: Trans. 1st 

Comm. Int. Soc. Soil Sd. Versailles, 1934, 143—153. 

(5) Robinson, G.W.: 1922, 22, 287-291. 

(6) Robinson, G. W.: J. Agric. Sci., 1922, 12, 306-321. 

(7) Robinson, G. W.: Imp. Bur. Soil Sd., 1933, Tech. Comm. 26 
(8; Thoreen, R. C.: Public Roads, 1933, 14, 93-105. 

(9) Troell, E.; y. 5«., 1931, 27, 47^7-483 

(10 ) Walkeey, A.: /. ^21-322. 


CHAPTER IV 


SINGLE VALUE PHYSICAL CONSTANTS 

From time to time many different single value constant, 
have been proposed in attempts to characterize a soil 
single number instead of a group of figures, such as is 

^ mechanical analysis. Most of theL 
methods are highly empirical but the determinations are 

toTe'exaS numbers of soils 

to oe exam ned. Many of these single value determinatinnc 

s icky point can be correlated with loss on ignition or with total 

elated to the colloidal content of the soil. Moisture equiva^ 
lent sticky poim and heat of wetting also frequently serve as 
good indexes of soil texture. The determination of aTon^ 

reaSSd T ^ of the^time 

analysis. The correlations 

tnJi ^ morpnic fractions of the colloid to the 

within clo°selTSated^^^^^ that they are restricted to soils 
wimin closely related groups and to soils within these m-ouns 

sumciently good to warrant the use of these single value con 
sta^s as indexes of texture in much preliminary survey work 
Many of the single value constants measure L SrTSa ’ 

0^1^ f r? (^3, 14) 
terms of Lrinerl? water relationships in 

snip ot several of these constants to each other. A soil will 
absorb or hold water against a pressure difference until equi 
hbnui^ IS reached and this pressure difference^a mSsu^of 
he force with which water is bound to the soil iThaTbeen 

saturated soil to that equivalent to the suction of a column 

8o 
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of water 10 kilometres high in a soil in equilibrium with an 
atmosphere of 50 per cent, relative humi^ty, or nearly 10 
times this value in the case of an oven-dry soil. Buckingham 
originally introduced the expression “capillary potential” to 
express this tension, on the energy scale, with which water is 
bound to the soil. Schofield’s expression pF corresponds to 
the logarithm of the capillary tension and its use gives a scale 
Malagous to the pH scale. The term pF is defined as the 
ogarithm of the height of a column of water equivalent to 
the suction force in equilibrium with a soil at the given mois- 
ture content. The use of the pF scale enables the expression 
of these widely differing tensions on a simple scale of 0-7. 

Soils behave differently depending on whether they are 
drying out or wetting and the curve connecting pF and mois- 
ture content for a soil drying out differs from that for a soil 
being wetted. When the whole curve connecting pF and 
moisture content is plotted the positions of the various single 
value moisture constants can be marked on it. The pF values 
generally assigned to some of these constants, on the drying’ 
curve of the soil, are as follows: 


Field capacity 

Moisture equivalent 

Permanent wilting percentage 
Moisture at 50 % relative humidity . . 
Oven-dry soil 


pF 3-2 
pF 2-7 -2-9 
pF 4-2 
pF 6‘0 
pF 6-9 


men it is recognized that the slopes of the moisture curves 
dilter from soil to soil, it is clearly seen why no general cor- 
relation exists between permanent wilting percentage and 
moisture equiyalent. The value of this ratio is a chararteristic 
of the soil being a measure of the slope of the curve between 
ph 2-9andpF4’2. 

Over the important range of soil moistures (pF 3 • 0-4-4) 
the pF value is most readily determined by the freezing point 
depression method since pF = 4-1 -h log where fSthl 
freezing point depression in degrees C. For the range pF 
^ pressure determinations can be used. 

n addi|ion to4he single value constants described below 
engineers find other physical constants, such as the Atterberg 
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plastic tests, soil shrinkage, and the Proctor value, or the mois- 
ture content at the point of maximum density, of considerable 
importance. For further information 
values the reader should consult one of the standard works on 

C A Hojntogl “ of the Soil, by 

WATER HOLDING CAPACITY 

The water holding capacity, or the amount of water taken 
J weight of dry soil when immersed in water under 

the P T conveniently determined by 

the Keen-Raczkowski box experiment using the circular shaped 
boxes described by Coutts (4). The dimensions of the boS 

WCout described 

by Coutts. Their height is the same but the internal diameter 

mnt/ ^ standard filter 

^ j diameter. In their original paper Keen 

and Raczkowski ( 1 0) showed that by extending Hilgard’s ex- 
periment several other values, such as apjarenf specSc 
gravity, pore space, true specific gravity and volume expan- 
sion, could be determined, in addition to the water holLg 
pacity of the soil. The determination of the latter value if 
generally useful and details of the method for its 
to gxven below. Reference should be made 

to the original paper if the other soil constants are required. 

able in ^ is desir- 

able in pot culture technique, since it provides a simple means 

of determining useful moisture levels, at which to maintSf 

i P^!”^ medium textured soils in 

m ?n^ 7 n is obtained at moisture levels corresponding 

to 50-70 per cent, of the total water holding capacityof the 

_F or the determination of water holding capacity the air-drv 

a tine sieve. For most purposes a sieve with round holes 0-5 

issuffidently fine. After mixing fhecoarsf 

SnTbv addW Packed bto the con- 

tainer, by adding small quantities at a time, with gentle but 

repeated tapping of the container, on a block of borlof wood! 
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between each addition. When the box is full it is placed in 
water so that the soil is wetted through the perforated bottom. 
After standing overnight the soil is fully saturated and the 
amount of water retained is determined and expressed as a 
percentage of the oven-dry soil. 

Provided that the prescribed conditions are rigidly fol- 
lowed, closely reproducible values can be obtained by different 
observers, or by the same observer on different occasions. It 
is essential that the air-dry soil be carefully and uniformly 
packed into the box. The preliminary fine crushing of the 
soil and the addition of small quantities at a time, with repeated 
tapping of the box between additions, help to secure uni- 
formity in the packing.^ Xack of uniformity leads to incon- 
sistent results. Insufficient packing is the most frequent 
source of error and gives unduly high values for water hold- 
ing capacity. The depth of water surrounding the boxes dur- 
ing soaking should also be standardized. A depth of one- 
quarter of an inch should be maintained, more water being 
added to restore this depth if much is absorbed by the soil. 

j The Determination of Water Holding Capacity. 

Equifment: 

Circular Brass Boxes. These are spun from 20 gauge 
brass and have an internal diameter of 5 * 6 cm. and a height of 
1 ' 6 cm. The bottom is perforated with numerous holes, 0 ' 75 
mm. in diameter, spaced at 4 mm. centres. Each box is sup- 
plied with a split brass ring, made from spring wire, which 
serves to hold the filter paper in position over the perforated 
bottom. 

Method: 

^ Crush the air-dry soil in a porcelain mortar and sieve 
through a small sieve having round holes, 0-5 mm. in dia- 
meter. Continue crushing the coarse residue, so as to disin- 
tegrate clay aggregates yet avoiding the actual grinding of any 
sand particles.- When crushing is as complete as possible re- 
turn the coarser particles, remaining on the sieve, to the finer 
traction and incorporate them with it by thorough mixing. 
Crush sufficient soil to enable three determinations to be made. 
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> or No, 

position by means of thp cniv i boxes and fix it in 

and filter paper and record it L “wdghTSIxrx'^nlll d» r ? 

until the la™ Sat "> box 

the soil, by tapping the box smartly but°^ntly 'ao'^SO t'^^* 

;o^S?4SSt“nSS^^^ 

caUy between each additiSa VSSy’fuu'' Th ™ dd 

Smartly tap the unner spatula, v' 

edge of the ^^^^^al times with the 

the surplus as before /vomI «t«ke oflF 

particles, which ttd^o™k^W^^ 

ceases, “ ^“*”8 ^e soil unttl further settlement 



wtiTf ;;r™ ^fter a time al 

aside and 4ve cneSr^SSn^i^P*' i’h“ 
considerable movement of the soU may^SrSe” ' 

this 

capacity ■ d^nmmation of water 

have been reaped !md^rso^a"wlll be f *11 

S!=r;s;:ir?»r.“; 

aUOrrSS^^ f!-weUinS“i 

of * to the i^foramd 
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again, recording the weight as “weight of box + oven-dry 
soil” (c). 

Determine the amount of water absorbed by the filter paper 
as follows. Weigh five filter papers together, saturate them 

with Water, place them on a flat glass plate and squeeze gently 

by rolling with a glass rod. Weigh again to determine the 
amount of water retained. From this calculate the average 
amount (d) retained by one paper. Xhe amount of moisture 
present in the air-dry filter paper can be neglected. Calculate 
the water holding capacity, as a percentage of the oven-dry 
soil, from the expression ' 

h — c — d 

— X 100 

c — a 

^ having the values noted above. 

Since the box containing the saturated soil should not be • 
placed directly on the scale pan^ owing to moisture seeping 
rom the box, it is preferable to place a watch glass on the scale 
pan and to stand the box on during all the 

weighings. Its weight will not then enter into the calcula- 

MOISTURE EQUIVALENT 

The expression “moisture equivalent” was originally intro- 
duced by Briggs and McLane (2) to represent the moisture 

held in the smaller capillary spaces of the soil and was later 

more precisely defined by them as the amount of water retained 
by a.sqil_when_a layer of that soil, 1 cm. de7^TsTentrifuged 
for 40 minutes in a gravitational fiel4equal to 1 ,000 times that 
of gravity. Although they clearly described the procedure to 
be used in rnaking moisture equivalent determinations, signi- 
ficant variations in technique have developed in different labo- 
ratories. Viehmeyer and his colleagues (19, 20) have studied 
the influence of many factors on the determination and have 
worked out a technique, leading to more concordant values in 
the hands of different operators. Their method differs essen- 
taally from the original in that the time of centrifuging is re- 
duced to 30 minutes, while no attempt is made to use, an 
amount of soil, which will give a centrifuged layer,,! cm; 
depth. They found that the most concordant values were - 

■ ■- f.' '■ 
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Se™f„at“ “ ““ f- each 

tiom ^ ^"^pirical value and the condi- 

^ons for Its determination must be closely standardized vth 
meyer’s technique has been adopted in so man^SiJent la£' 

Drr.^rpH?« ^ stated as the^mouiiL.n £,w4taer e:: 

oven-dry soil, refamedby rSl 
wheirapiroxramEiy^:dn^^^^^ r 

m a gravitational field of 1,000 

The reduction in the time of centrifueine- frnm An f•c^ -m 

minutes, probably alters the value very ifttlf sb^rnt^st wr 

rapidly lose their excess water during the w t 

the centrifiiD'p T-P j i* i wrst iu niiButes in 

fuD-prl f Ar I and lighter textured soils are centri- 

fcged for longer than 30 minutes, an undue amount of S 

SCno evaporaSofd”£ 

With thfse llnbt source, 

minutes. Since this penod is also sufficiently ling for most 

^ZZt adoptionWSt 



. tbe depth of the < 

siderable importance from theoretical 
meyer considered that the depth of soil 
controlled. It is not possible to choi 
soil which, on centrifuging, will give 
without making preliminary trials for 
considerations, therefore, m ake i 
take a constant weight of soil for 
than attempt to choose 

By the use of a fixed ' 

more readily obtained. 

Viehmeyer^ft diS” f' •*’ ? *= technique of 

4 sSlTtaead of ” ?- 3 ^ “c T ■« °f 3° S- of air- 

sent 30 g. of oven-drv soil ThS amount chosen to repre- 


centrifuged soil layer is of con- 

’ considerations, Vieh- 

need not be rigorously 
e a suitable weight of 
give a final layer 1 cm. thick, 

- every sample. Practical 
It much more convenient to 
• eveiy determination, rather 
an amount to give a final depth of 1 cm. 
weight of soil, concordant values can be 


terminations should always be carried out on air-dry soils and 
the preliminary crushing to pass the 2 mm. screen should be 
as light as possible. 

_ Soils, in which exchangeable sodium represents an appre- 
ciable proportion of the total exchangeable cations present, 
frequently fail to reach equilibrium in the moisture equivalent 
centrifuge and this is indicated, either by free water on the 
surface, or by the upper layers of the centrifuged block being 
wetter and softer to the touch than the lower layers. Owing 
to the impermeability of these sodium saturated soils, the 
water cannot filter through the block, even in the high gravita- 
tional field, to reach equilibrium in 30 minutes. Some soils 
remain so fluid that a separation of clay and sand occurs during 
centrifuging. The moisture equivalent value for any soil, the 
upper surface of which feels wetter to the touch than the 
lower surface, should be rejected. However, since moisture 
equivalent behaves as an additive function a dilution method 
can be used for the determination of the probable moisture 
equivalent of these soils. By mixing the soil with 30, 50, and 
70 per cent, of pure sand and determining the moisture equi- 
valent of each mixture a useful approximation can be obtained 
by extrapolation (12). 

Courts (5) has described a modification of the ordinary 
method, by which moisture equivalent determinations can be 
carried out on about 4 g. of soil. The soil is placed in a hole, 

■g- inch in diameter, drilled in the centre of a paraffined wooden 
block, which just fits the moisture equivalent boxes. As the 
result of trials with several soils, he found that, when 3 • 8 g. 
were centrifuged in this block, the results were the same as 
those given by the standard method, using 30 g. of soil. Before 
using this modification the relationship should be checked, 
since the arnount of soil taken represents a considerably greater 
depth of soil than in the standard procedure. 

Bouyoucos ( 1 ) has shown that values closely approximating 
to the moisture equivalent can be obtained by a simple suction 
method, using a Buchner funnel and filter pump. In this 
method the air-dry soil is placed on a filter paper in a small 
Buchner funnel and carefully compacted. After soaking in 
. : * ^ ■ ■ ■ .. .. . . 
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water for 24 hours the funnel is connected to a good vacuum 
pump and suction applied until the whole of fhe excess nf 
water has darned from the top of the soil. SucUorinof 
turned for a fmher I i minutes, during which time the funnel 
|s covered with a moist cloth to preventevaporatlol The rf 
isien removed from the funnel and its moisture content de 
termined. In general this method gives higher vXes than 
the true moisture equivalent but may be of some value in thn<!f> 
laboratories in which the few 

warrant the purchase of the expensive centri W 

detgMe?2tcr'’' »■= 

_ j equivalent determinations are of value in giving 
arapid indexof soil texture. The correlation between moisturf 

Slblr The T'tff imperfect, is 

• * ue contribution of soil organic matter to the 

moisture equivalent is about 130 per cent., i.e. the moisture 

cqmvalent of organic matter is 130 (12). This value is the 

Z7cl 'f “•■“'"htl determmations. The conSbu! 

of 40 ytoVr die order 

of temire*^^ “T® ™'®dire equivalent as an index 

ot texture, comparisons should be restricted to soils of the 

^me family and, within the family, the sods should be 

and position in the pro- 

Bv^tSain^fh" ”?“ “‘■Sauic surface horirans. 

±sy restricting the compansons in this way, Taylor ('16') has 

antoxfmr r the 

approximate clay content of soils from certain irrigftion 
areas, the texture of which proved difficult to assess S the 

Moisture equivalent is more frequently used in the studv 
^ the water relationships of irrigation soils. Viehmeyer and 

moisture equivalent gives a good measure of field caoacitv 
and moisture equivalent is frequently used to enable the labo’ 
ratoiy determination of this value. The relationship betwLn 

■' -Ilf 
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The Determination of Moisture Equivalent. 

Equipnent: ^ 

Briggs-MeLane Moisture Equivalent Centrifuge. A 
centrifuge fitted witfi a special drum head is necessary for the 
determination of moisture equivalent. The head is con- 
structed to hold 16 brass cups or boxes, with gauze bottoms 
and sheet metal lids. Each box is 2 in. square and 1 in. deep 
and the bottoms are curved in the arc^of a circle, so as to fit 
closely against the circumference of the revolving drum head. 
The boxes and lids are numbered and the weight of each pair 
is balanced, to ensure smooth running of the centrifuge. On 
no account should the centrifuge be run with fewer than the 
full number of boxes. As usually supplied, the centrifuge is 
fitted with a speed governor, to control its speed at 2,440 
r.p.m., corresponding to a centrifugal force 1,000 times that 
of gravity. Better control of the speed can, however, be ob- 
tained by fitting the machine with a speed indicator and con- 
trolling the rheostat manually. 

Aluminium Dishes. Numbered aluminium dishes, with 
slip over lids, 8 cm. in diameter and similar in shape to Petri 
dishes are very suitable for holding the centrifuged soil dur- 
ing drying and weighing. 

Method: 

Carry out this determination in duplicate, using a bal- 
anced pair of boxes and placing the duplicate samples dia- 
metrically opposite each other in the head of the centrifuge, 
so as to obtain a well balanced load during centrifuging. If 
there is any doubt about the constancy of the speed control on 
the centrifuge, it is desirable to include a standard soil in each 
series of determinations. For this purpose a large bulk sapple 
of a suitable soil should be prepared. LaCk of reproducibility 
of the moisture equivalent for this standard soil will then in- 
dicate faulty speed control. For a soil with a moisture equiva- 
lent of 20, values should be reproducible wi thin ± 0 ' 3 units. 

Cover the gauze bottoms of the centrifuge boxes with 
closely fitting squares of Whatman No. 2 filter paper and to 
each box add 30 g. (± O’ 1 g.) of air-dry soil, which has been 
screened through a 2 mm. screen. Tap the box lightly, to 
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level the surface of the soil. When all the centrifuge boxes 
have been filled stand them in a metal tray and pour water 
into the tray until it surrounds the boxes to a depth correspond- 
ing to that of the soil in the boxes. Leave to stand overnight, 
then remove the boxes and stand them on a wet towel. Cover 
them with another damp cloth, to prevent evaporation from 
the soil surface, and leave them to stand for 30 minutes, so 
that excess water drains from the soil. 

After draining, close each box with its correspondingly 
numbered lid, securely clipping it in place. Then load the 
boxes into the drum head of the centrifuge, placing corre- 
sponding boxes containing duplicate determinations directly 
opposite each other, to maintain good balance during centri- 
fuging. When all 1 6 boxes have been placed in position close 
the drum head with its cover plate and screw down securely. 
Close the protecting cover of the centrifuge and turn on the 
power. Then, by moving the rheostat arm slowly and evenly, 
bring the centrifuge up to its proper speed of 2,440 r.p.m., 
taking not less than 3 minutes nor more than 5 minutes for this 
operation. It can be done conveniently in 3 minutes by keep- 
ing the rheostat on each stud for 20 seconds; speeding up at 
a rate greater than this puts an excessive strain on the electrical 
circuit and leads to trouble. Maintain the speed at 2,440 
r.p.m. for 30 minutes, either by means of a governor or by 
manual control. After 30 minutes shut off the power and 
bring the machine to rest within 3 minutes, by braking for 20 
seconds on each rheostat position. 

Remove the boxes from the centrifuge head and quickly 
transfer the 'soil to covered aluminium dishes, previously 
weighed (weight = a). Carry out this transference without 
delay, so as to avoid errors arising from evaporation losses at 
this stage. Removfe' the filter paper from each soil block and 
discard it. Feel the top and bottom surfaces of the soil block 
so as to detect and reject any soils (e.g. sodium saturated soils) 
which have not reached equilibrium. Immediately cover the 
dish with its lid, and, as soon as all samples have been trans- 
ferred, weigh each dish, to obtain the weight of . soil and mois- 
ture at the moisture equivalent Remove the lid, place 
the dish and moist soil in a well ventilated oven at 1 05° C., dry 
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for 16-24 hours, cover the dish with its lid, cool in a desiccator 
and weigh as oven-dry soil (c). An accuracy of 0*01 g. is 
sufficient in all three weighings. 

The moisture equivalent of the soil then corresponds to 

c — a 

If it is desired to carry out more than 16 moisture equivalent 
determinations per day, without going to the expense of addi- 
tional sets of centrifuge boxes, this can be done by using filter 
papers folded to fit the inside of the metal boxes. Over a 
wooden former, fold a 4-inch square of filter paper so that it 
will fit snugly into the centrifuge box. Place the folded filter 
paper in a bottomless brass frame, 2 in. square and 1 in. deep, 
and transfer 30 g. of soil to it. Soak the soil in water, as pre- 
viously described, then lift the filter paper and soil from the 
brass frame and place it in the centrifuge box. Drain for 30 
minutes as before and continue with the determination in the 
standard manner. 

FIELD CAPACITY 

Field capacity is defined as the amount of water, expressed 
as a percentage of the oven-dry soil, held in a soil after the 
excess of gravitational water has drained away, and after the 
rate of downward movement of water has materially de- 
creased (18). From this definition it is seen that field capacity 
is essentially ,a measurement to be made in the field, on an 
undisturbed soil. There must be free drainage through the 
profile, and there must be no water table near the horizons 
investigated. 

It is generally assumed that the downward movement of 
water ceases within 48-72 hours after the soil has been fully 
wetted, either by rainfall or irrigation. During this time the 
surface of the soil must be protected from fixrther rain or 
from loss of moisture by evaporation. 

The value for field capacity is less than that for water hold- 
ing capacity since the latter corresponds to the moisture present 
in a fully saturated soil resting on a water table. Under these 
conditions, all the soil pores are completely filled with water. 
The field capacity of sands and other light textured soils is 
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generally higher than the moisture equivalent Fnr fi 
»eittured soils, with the exception of votTosw 1 
capacity corresponds very cloLy to moisSre eqXfc pl 
»ils mth a moistiOT equivalent of about 14 to 30 or 3! the 

laboratory determination of moisture equivalent mav renW 
the determination of field capacity. replace 

The Determination of Field Capacity. 

to ^fuTatoThl^ n irrigation, sufiiciently heavy 

poration or furthef^bf Af tef K 
* 01 WUI have ^taM^^^^^eltifatT' 
TOIOUS depths desu-ed and determine moistuk in 4h 'amok 

soiftoadepthVf°2^r^T^ remove the face of the 

sample 

^mple to a tin with a closely fitting lid and transport it to the 
aboratory, protecting the tin from the direct heafof the sun’s 

Ss to crumble or break the soil into small 

drvW^lS ^ 4 4 - determine moisture by 

aU 05“Tun®^r ' b P°^.<^^°«^^«^ally about 50 g.; in an oven 

atiuir U until constant in weight. 

drbnp°5?i" rapacity, express the moisture lost bn 

mabbg. weight of oven-dry soil re- 

PERMANENT WILTING POINT 

Briggs and Shantz (3) defined the wilting coefficient as 
the moKture content of the soil, expressed as a percent o1 

tui coifTs^ T Tu"Ta" '“lirton k thefr mois? 

suDolv Afrh‘ °f the defiaency in the soil-moisture 

5^ nioisture content the leaves of the plant wilt 

p y Without the addition of water to tfip <;nil nriiic* 

“ - .£ p^^St wiiSg 

K^fsunnb the soil can , 

dent rie to a plant growing in it at a suffi- 

tain turgor and the plant wilts permanently. 


I 
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^Most plants reduce the moisture content of a given soil to 
approximately the same level before wilting oSurs Thk 
permanent wilting point is a characteristic of the soil Since 

moisture available for 
plant growth, a determination of its value, together with that 

hfh W of waterXt S 

be held by a given soi m a form available for plant growth. 

^ The permanent wilting percentages may be determined 
either directly or indirectly. Its direct deterLnatSs dSfr 
^ e w enever possible. The method is simple although it is 

tedious and slow. It is necessary to make fouLr five replicate 

determinations in order to obtain statistically reliable values 
whde the plants take about six weeks to reach alSabS 
of development. Since most plants reduce the moisture Sn 

mportant. However, some plants show signs of wiltine- m nrf^ 

=^ted fS": 

catW of^S n ; gives excellent indi- 

elSrimenallv 

experimentally. _ As it has been used by numerous invent,- 
^tors Its choice is preferable, whenever possible Instead of 

of the plant protrudeT^”^ tfie lid, through which the stem 

pmnt tile tm should be protected from the direct r2.v<^ nf 

sun jto prevent big fluctuations in tempera77 

clittci‘'dtominSl"R w* the 

„r-u- ‘ aerermination, Bnggs and Shantz suggested that th^ 

Wtth Afferent soil types value's ranpng froriT^^-? h^e 

been recorded for the ratio — ^Q^sture equivalent 

The general use of a constantSTfe "SX 
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mentally unsound and leads to entirely erroneous values. It 
is, however, permissible to use the relationship between mois- 
ture equivalent and permanent wilting percentage to obtain a 
quick estimate of the latter value, provided that the correla- 
tion is restricted to soils in a closely related group and that the 
ratio is established experimentally for a few typical soils of 
the group. 

Of the indirect methods for the determination of per- 
manent wilting percentage, the determination of the moisture 
content of the soil, corresponding to pF 4‘ 2, by the depression 
in the freezing point method (p. 107) is based on the soundest 
theoretical approach. The method is convenient and avoids 
the delay inherent in the direct determination. As the pF 
curve is nearly straight in the neighbourhood of the permanent 
wilting point, freezing point determinations on a soil at two 
■different moisture contents, chosen to give depressions of 1-2° 
C., are sufEcient. From these determinations the moisture 
content corresponding to pF 4' 2 (or a freezing point depres- 
sion of 1 ‘26° C.) is obtained by interpolation or extrapolation, 
and this corresponds to the permanent wilting percentage. 
Procedure B for the determination of the freezing point de- 
pression is sufficiently accurate, but, if this procedure is used, 
allowance should be made for the difference of about pF 0 ‘ 05 
in the two methods and the moisture content corresponding to 
pF 4' 25 should be taken. These values have been chosen by 
da Costa (6) as the mean experimental values corresponding 
to the permanent wilting point of many widely differing soils. 

The indirect freezing point method is not applicable to the 
determination of the permanent wilting point in soils contain- 
ing more than 0 ' 05 per cent, of total soluble salts, since soluble 
salts affect the pF value corresponding to the permanent wilt- 
ing point. , Soluble salts do not affect the direct method for the 
determination of permanent wilting point unless they are 
present in quantity sufficient to induce marked pathological 
symptoms in the plant used. 

The Determination of the Permanent Wilting Point. 

The technique used in these laboratories has been described 
by Marshall and Williams (11) and is as follows: 
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B,qmpment: 

tins wkht obtainable 1 lb. honey 

the tins^nH determination. Number 

centre of each lid. For convenience, adjust the weight of 
aU fns used to the value, by mea’ns i small^lS of 

lead. An accuracy of ± 0-5 g. is sufEcient. 

Method: 

To obtain sufficient accuracy in this determination 4 < 
repLcahons are desirable. The soil should be JX 

outT(^n screen or used unsieved. Weigh 

tin. ^ tamping the soil lightly to pack it into the 

"! ™“sh water to add to moisten the 

». sufSaently, determine the hygroscopic moistare pri^^t 
m the soil at the time of filling the tins, by drying duEe 
10 g. poruons of the original sample (p. 59). Also dehSmSe 
soU 7p°.‘ 8^? subsamples of the original 

sunflower seeda Then add 

luheZZT "V'’' “f ‘I' soil to tte 

equivalent, making allowance for the hygro- 
scopic water already present. This ensures thorough we^Sig 
of the soil uothout waterlogging it. Determine the weT^teof 
tte tm and moist soil at this stage. Place aside in the |lass- 

“"'i* i*** germinate. 

After the seeds have germinated, select the best seedlino- 

and lead it through the hole in the lid. RemovfthTS? 
^dlingsand plug the space between the stem of the selected 
plant and the edge' of the hole with cotton wool. Proteatte 

I St^rd'’”' '!;= 8l-shou!eTs£- 

m-nwfk ^ ^ P sawdust. At intervals during the 

^owth of the plant weigh the tin and bring it back to its 
original weight by the addition of water, so as to replace trtns 
pira ion losses from the soil. To do this remSe lTd S- 
-len y to enable the water to be poured on to the soil 
Allow growth to proceed until four pairs of leaves have 
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been, developed, in addition to the original cotyledons. At this 
stage weigh the tin and bring the soil to its original moisture 
content for the last time. Then leave the plants to grow until 
the first definite signs of wilting appear and all the leaves tend 
to lose turgor. To determine whether this is permanent wilt- 
ing, place the tin and plant in a closed bin, which contains a 
few inches of water on the bottom, so that a humid atmosphere 
is obtained around the plant. Leave overnight. If the leaves 
then become turgid the permanent wilting point has not been 
reached. Return the tin and plant to the open glasshouse 
and leave for a few hours until further wilting is noticed. 
Again check by returning it to the humid atmosphere of the 
bin. Repeat this procedure until complete recovery no longer 
occurs, indicating that the permanent wilting point has been 
reached. 

When the plant remains permanently wilted, cut ofF the 
stem and leaves and determine their fresh weight. Then 
weigh the tin and soil, place it in an oven at 105° C., dry for 
several days, or until constant weight is attained, close the tin, 
cool and weigh again. The diflFerence between these two 
weighings corresponds to the amount of moisture present in 
the soil and roots at the permanent wilting point, while the 
weight of oven-dry soil is obtained by deducting the weight 
of the tin from the final weighing. A correction for the oven- 
dry weight of the roots is unnecessary. 

To obtain the amount of water present in the soil at the 
permanent wilting point it is desirable to make a correction 
for the amount of water in the roots and this is done by assum- 
ing that the roots correspond to one-half of the fresh weight 
of the stem and leaves and that they contain 80 per cent, of 
water. The weight of water in the roots thus corresponds to 
0‘4 X weight of the stem and leaves. 

This empirical factor represents the average of many experi- 
mental determinations and is sufficiently accurate for the pur- 
pose required. 

The permanent wilting percentage is then given by the 
expression: 

Weight of water in the soil and roots — ^Weight of water in the roots ^ 
Weight of oven-dry soil 
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STICKY POINT 

The “point of stickiness” or “sticky point,” as it is now more 
commonly called, was originally proposed by Hardy (7) as a 
^ useful single value constant for characterizing soils. It is de- 
fined as the moisture content, expressed as a percentage of the 
oven-dry soil, at which kneaded moist soil just ceases to adhere 
to ejrternal objects (7) or at which a thoroughly kneaded 
plastic mass of the soil is just about to stick to the fingers or to 
a knife (9). The sticky point differs slighdy from the point 
of maximum plasticity or that point at which the kneaded soil 
can be moulded with the greatest facility. [At the sticky point 
the colloidal components of the soil are saturated with water 
whereas, at the point of maximum plasticity, they are not quite 
saturated. 

The sticky point is determined by kneading a small quan- 
tity of soil, with successive additions of water, until the proper 
state of stickiness is reached. Moisture is then determined by 
drying a portion of the wet soil. All determinations should be 
made on air-dry soil. Values obtained on soil which has been 
oven-dried are slightly lower. 

The determination is empirical and a certain amount of 
personal judgment is involved in the recognition of the 
correct sticky point. However, after a little experience, the 
sticky point is easily recognized and satisfactory agreement can 
be obtained by different workers, provided that reasonable 
care is taken. The method is particularly valuable since the 
determination is rapid and requires no apparatus other than a 
drying oven and simple balance. 

Sticky point ceases to possess significance in light sandy 
soils, for in these soils the wet sample is not plastic and there 
is a considerable amount of free interstitial water before ex- 
terior adhesion is pronounced. Sandy soils do not “stick” like 
clay soils and sticky point can only have a conventional mean- 
ing extrapolated from the known beha-viour of heavier soils. 
yPrescott and Poole (12) found that as the amount of clay in 
a soil increasesfhe value for sticky point falls at first but, when 
the amount of colloidal material reaches the equivalent of 
about 10 per cent, of clay it begins to rise in proportion to the 
colloidal content. The initial decline in the value for the 
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sticky point appears to be associated with the filling un of thf^ 

pore.space^ in the sandy framework by olay. 

^ ydues for sticky point and moisture equivalent are closelv 
related m most mineral soils with more than 12-15 per cent 

Si ? ^ ^ "moisture equivalent. The sticky point 

values of normal clays are probably very close to the moisture 
eqmvtos of the same material. HoLver, 
ontributes proportionately much more to the sticky point than 
”!°'"^"^eq™lent so that the relSonship be- 
tween sticky point and moisture equivalent does not hold for 
soils rich m organic matter. The value for the sticky point of 

soil organic matter is probably- 350-440 while that for clay is 
of the order of 50-60. --icty is 

_ In soils containing gypsum the determination of sticky point 

tv th? colloidal properties of the clay are 

. , ® flocculating action of the gypsum, and the 

sticky point cannot be readily recognized. However, the 
presence of calcium carbonate does not affect the determina- 



mina^tinn!^f ^ texture, the deter- 

mination of sticky point is very useful in many field studies 

soil moisture in a soil. Its use enables the 

textoe S7n corrected for local variations in 

•R„ ,._r. • fl^ffcrences in the sites of successive samplings. 
By referring all moisture determinations to the sticky point of 

cision^f ^ obtained a big increase in the pre- 

cision of the naeasurement of field moisture values. In sLe 

cases the gam m precision was equivalent to a fifteen-fold in- 

Moisture equivalent could 

terhnim,. purpose, but the simplicity, both of the 

ttrSw • f determination of 

t^e sticky point particularly valuable. 

V/ The Determination of Sticky Point (12). 

Take ate 20-30 g. of air-dry soil, moisten it with small 
portions of water and mix it with a flexible steel spatula on a 
gass plate until the mixture is definitely wet and sticky. At 
this stage It should have the consistency of a thick paste. Scrape 
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the soil from the glass plate and knead thoroughly between 
the fingers, until the soil reaches the stage at which it no longer 
sticks to the fingers or to the spatula. In this condition it 
should be possible to cut cleanly through the moulded soil} it 
should not stick to the knife. When this state is reached the 
soil is at the sticky point. 

When it is considered that the sticky point has been reached, 
place the soil block in a covered aluminium dish, the weight 
(a) of which has been previously noted. Weigh w^hout 
undue delay, to obtain the weight (b) of dish and moist soil at 
the sticky point. Then dry in an oven at 1 05° C. for 1 6 hours, 
cool in a desiccator and weigh again (c ) . From the weight o| 
oven-dry soil obtained (c — a) and the weight of water lost 
(if — c) calculate the moisture content, per 100 g. of soil, at 
the sticky point. The necessary calculation is: ^ 

(i> — c) 

Sticky point = X 1 00. 

With medium to heavy soils the best guide to the recognition 
of the sticky point is the ability to handle the moulded soil 
with gentle squeezing or pressing in the palm of the hand, 
with little or no adherence to the skin. With very heavy soils 
it is not always possible to detect the sticky point readily} the 
knife test is the most satisfactory criterion with these soils. 
Highly organic soils are the most difficult to handle. With 
such soils, in addition to applying the knife test, the soil 
should be moulded into a block and broken across. When at 
the sticky point the broken sxrrf ace just begins to glisten with 
water. 

With sandy soils the sticky point loses significance, but a 
value can be obtained and the end point recognized, by mould- 
ing the kneaded soil into a block, breaking it and examining 
the broken surface. At the sticky point the broken surface just 
glistens with water but does not show any free water when the 
block is tapped with the finger. 

Make all sticky point determinations at .least in duplicate, 
preferably allowing an interval of time to separate the dupli- 
cate determinations. This reduces the personal error asso- 
ciated with the recognition of the end point. Duplicate deter- 
minations should not differ by more than 1 per cent. 
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HEAT OF WETTING 

The heat of wetting is the heat evolved when dry soil is 
wetted. It is expressed in calories per gram of dry soil. The 
amount of heat to be measured is usually very small and, in 
order to secure accurate values, many precautions must be 
taken. Janert (8) has simplified the apparatus required for the 
deterrnination, so enabling a large number of observations to 
be carped out in the course of a day. A known amount of dry 
soil is added to water, contained in a calorimeter, and the rise 
in temperature is noted. The method has been used exten- 
sively by Tisdall ( 1 7) in studies of the irrigation soils at 
Merbein and his technique is given below. 

In order to obtain reproducible values, the determination 
should be carried out in a constant temperature room, or in a 
room in which the temperature change is less than 0 ' 02° C. per 
minute. With changes exceeding 0 • 04° C. per minute it is not 
possible to obtain agreement between duplicate determina- 
tions to within 5 per cent., the maximum variation permissible 
on any one sample. 

Particular attention must be paid to the oven-drying of the 
sample before the determination, since the heat of wetting is 
very sensitive to the times and temperatures employed in 
drying the soil. The conditions of drying should be closely 
standardized and the weighing bottles, containing the dried 
soil, should be tightly stoppered as soon as they are removed 
from theoven. Drying overnight at 1 1 0° C. is usually adopted. 

The^ heat of wetting is a very useful single value constant 
for estimating soil texture. In this connexion it has been ex- 
tensively used in determining suitable depths for tile drains in 
irrigated soils. The heat of wetting depends largely upon the 
relative proportions of organic matter, clay and sift;... Organic 
matter possesses a higher heat of wetting, weight for weight, 
than does the inorganic fraction of the soil. The heat of 
wetting of a soil also depends upon the nature of the exchange- 
able cations present. However, provided that correlations are 
restricted to soils within any one group, the variations in the 
proportion of the different exchangeable cations is usually in- 
sufficient to affect seriously the estimates of texture, derived 
from the heat of wetting. Owing to the high heat of wetting 
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of organic matter, correlations with texture should be re- 
stricted to soils of similar organic contents. Cognizance should 
be taken of the accumulation of organic matter in surface soils. 

Tisdall (17) found that, for the soils of the Murray Valley, 
the heat of wetting could be expressed by the following re- 
gression equation: 

Heat of Wetting = 0-2127 + 0-1076 clay + 0-0783 silt 
+ T 0809 organic carbon. * 

For these soils, in which silt and organic matter are usually 
low, heat of wetting is particularly valuable, since there is also 
a very high correlation coefficient between it and the clay con- 
tent alone. For these soils the linear relationship between 
heat of wetting and clay holds over a wide range of clay con- 
tents. It holds for soils containing as little as 4 per cent, of 
clay. 

Tisdall also found that the presence of calcium carbonate, 
in amounts up to 30 per cent., did not affect the value for heat 
of wetting while gypsum, in amounts up to 4 per cent., was 
also without appreciable effect on the value. 

The Determination of the Heat of Wetting. 

Janert’s method, as used by A. L. Tisdall at the Common- 
wealth Research Station, Merbein, is as follows: 

Equipment: 

Beckmann Thermometer. This should be fitted with a 
reading lens to enable estimates of temperature to be made to 
the nearest one-thousandth of a degree C. 

Calorimeter. A straight walled Dewar flask, 5 cm. inter- 
nal diameteg and 1 0 cm. internal depth, is most suitable. The 
external dimensions corresponding to these measurements will 
be about 7 an. diameter and 1 5 cm. overall length. The flask 
is supported in a stand of porcelain, bakelite or wood, 7 - 75 cm. 
internal diameter. A hole 2-5 cm. in diameter in the base 
takes a cork, drilled to receive the sealed-off tip of the flask. 
The flask is further held in position in the supporting stand 
by a rubber band slipped over the outside of the flask, near its 
top. The stand has a lip, 1 "5 cm. deep and 0-3 cm. wide, to 
take the lid. The latter is 1 cm. deep and 8-25 cm. in dia- 
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meter, bored with three holes 3-7 cm., 1 ’2 cm. and 0-6 cm. 
in diameter, to take the cap, the thermometer and the stirrer, 
respectively. The holes are arranged within the inside dia- 
meter of the Dewar flask, when the lid is in position. The cap, 
4 cm. in diameter and 4 cm. high, is hollowed out on the inside 
to reduce its weight. It is cut to fit into its appropriate hole in 
the lid as snugly as possible, consistent with ease of removal 
and insertion. The spoon-shaped, perforated metal stirrer is 
4' 25 cm. in diameter and is attached to a glass handle O ' 5 cm. 
in diameter and 20 cm. long. The stirrer is cut to fit around 
the thermometer, so that the whole of the contents of the 
Dewar flask can be effectively stirred. The thermometer is 
permanently fitted in place in the lid by means of de Khotinsky 
cement. The joint between the lid and the lip of the stand is 
made as snug as possible, by pasting a strip of linen to the edge 
of the lid. 

Weighing Bottles. These should be 5 cm. high and 
2 • 5 cm. diameter. They should be fitted with rubber stoppers 
and the bottles and stoppers numbered. 

Method: 

Carry out this determination on an air-dry sample that 
has been ground further, so that it will pass a 1 mm. screen. 
Use a quantity of soil sufficient to give a rise in temperature of 
about 0 ■ 5 ° C. This may require from 3 0-40 g. for very light 
soils to 5-1 0 g. for very heavy clays. Usually an amount of 
1 5—2 5 g. is satisfactory. 

Transfer a suitable amount of the air-dry soil to a weighing 
bottle, which has been previously weighed, dry in an oven for 
16 hours at 110° C., then close the bottle tightly with its 
rubber stopper, cool in a desiccator and weigh. After weigh- 
ing, tightly seal the junction of the weighing bottle and 
stopper by painting it with molten Sira wax. 

From a burette, run sufficient water into the Dewar flask so 
that the volume of soil and water will be exactly 100 ml. For 
this purpose make the assumption that the specific gravity of 
the soil is 2 '65 and calculate the volume occupied by it, by 
multiplying the weight taken by 0 • 3 8 . Now place the sealed 
bottle, containing the dried soil, in the calorimeter and leave 
to stand until the temperature changes approach a constant 
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amount. If the whole of the operations are carried out in one 
room and the distilled water is also at room temperature, this 
period of waiting is about 15 minutes. By the use of two 
calorimeters, one can be reaching equilibrium while a deter- 
mination is in progress in the other. 

After a suitable period of standing, move the stirrer up and 
down, with a stroke of 1-2 cm., for 3-4- minutes, stopping the 
stirring only to note the temperature at regular half -minute 
intervals. Before making each reading, tap the thermometer 
lightly with a pencil, covered with a piece of rubber tubing, to 
avoid errors due to the sticking of the mercury column. 

Record each thermometer reading. When the differences 
between successive readings reach a constant amount, start the 
determination proper. Note this last thermometer reading as 
^1 j also note the time corresponding to it. Immediately after 
reading the thermometer, remove the lid, lift the weighing 
bottle. out by means of the stirrer, grasp it lightly in the 
fingers, break the seal and tip the soil into the water. Tap the 
bottle with the finger to remove the soil as completely as 
possible. Immediately replace the cap and commence re- 
stirring. The whole operation should not require more than 
1 0 seconds. Continue stirring as before, noting the tempera- 
tures at each half -minute interval until the differences be- 
tween successive readings again reach a constant value. 
Designate the first of the readings showing a constant differ- 
ence as ^ 2 . 

Since there is a definite trend in temperature, due to heat- 
transfer between the calorimeter and the surroundings, the 
observed temperatures must be adjusted to eliminate this 
trend and to ensure that the initial and final temperatures 
correspond to the same instant of time. Let x be the mean or 
constant difference between the successive half minute read- 
ings, immediately prior to introducing the soil, and y the 
number of half minutes that elapse between noting the reading 
hy and the time of making the final reading t^. Then the cor- 
rected value for /i, adjusted to correspond to the time of mak- 
ing the reading of hy is given by h + xy. In other words, ti, 
corrected, corresponds to the temperature that would have 
been reached at the time of the reading h if the normal tern- 
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perature trend had not been affected by the heat of x 

he sod. Note that the value for .may £ either 
responding to an increasing teinDeratur(^ ^ 

corresponding to a decreasing ^nT 

the tempe«ure usuaUy reaches a miL™ wkhinXu?± 
mnute after mixing and then falls slightly. For thes^ s^Ss 

the highest riding should be taken foffe 

iieiore calculating the heat of w/=^ffi‘nrv u * 

know the water equivalent of the calorimeter DeSmh7th‘° 
for each instrument used, by dissolvino- 2- 

as that described above for 
a hStlu f ■• 'Wosulphate 

at this dilution. * ^ g^^“-«^olecule 

the heat gained by the system equals that lost by the 


H w 
m 

where H 


{t% - /i) [(V + w)S + W.E.] 


the heat of solution of the salt used, in 
calories per gram 

= the weight of the salt taken 

— the molecular weight of the salt 
tx — the initial temperature 
H = the final temperature 
V — the volume of water in the calorimeter 

and W T? lu heat of the resultant solution 

ana W.E. = the water equivalent of the calorimeter. 

From the above equation it follows that 

H w 


W.E. 


(V + w) 


fn(t2 — ti) 

or using 2 • 583 g. of sodium thiosulphate and 75 ml. of water 

, . ■■ ■ ■ 1 1 o nr\ ■ ■ ■ ■ ■ 


W.E. 


11 , 8 ^ 

■ tz 


+ 77-58 calories. 
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Calculate the heat of wetting of the soil, in calories per gram 
from the equation 

„ . / 0 - 2 W + K + M\, 

Heat of Wetting == f ^ j (h — h) 

where W = the weight of soil taken 
0 ‘2 = the specific heat of the soil 
K = the water equivalent of the calorimeter, 
as determined above 

M = the weight of water in the calorimeter 
h = the initial temperature (corrected) 
and H = the final temperature. 

Duplicate determinations should agree to within 5 per cent. 

DEPRESSION IN THE FREEZING POINT 

The depression noted in the freezing point when a moist 
soil is frozen depends upon the free energy of the water in the 
soil. This in turn is chiefly dependent upon the moisture level 
of the soil. The method has been applied by Schofield for the 
determination of the pF value of soils over a range of moisture 
contents extending from just below the permanent wilting 
percentage to the moisture equivalent. Outside this range it 
is of theoretical interest only 5 experimental difficulties pre- 
clude its use with drier or moister soils. 

If the depression in the freezing point is plotted against the 
water content of the soil smooth curves are obtained. In 
making the determination it must be remembered that freez- 
ing dries the soil and that the value for water present, at the 
freezing point, is not that of the moisture present in the 
original soil, or in the soil after thawing, but corresponds to 
this value less the amount of ice formed at the time of freez- 
ing. In the determination of the depression of the freezing 
point it is therefore necessary to make accurate determinations 
both of the temperature at the freezing point and the water* 
content, to which it corresponds. 

The determination of the freezing point of a moist soil is 
made possible by the fact that freezing can be induced, by 
jarring, in a soil that has been super-cooled. Schofield and da 
Costa (15) have investigated the method originally used by 
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Bouyoucos and McCool and have defined th. . 
necessary to obtain accurate values. They used the^q^*^°”* 
paratus as the earlier investigators wfth^^ ; ^ 

fcy recommend wlde-moutfid vacuum ?4^'‘S'’hol H 
freezing mixtures. Their method diff!! I 
import details from thatSuyo^s^SS" T 

the amrt°o1t7o3S„^‘L'““« tfr 

faSS* ''rZ t" *d the’soU at the°t Je”of 

mencement of freezing is reduced and the observed maximum 

2r?™r «-pemr 

da Costa have outlined two procedures for 
he determination of the depression of the freeLg p"nt and 

tiontd^'' ^ “tltdes all Kmu 

horn isirable to Retire the greatest accuracy. It is SS?e 

Siitr vr " “ SIS 
^utinedr^ridtl^C-^ri^ 

useTr“ltrvt*l“J“ B. The 



fvv T cuuxmg ana also reduces the heat 

to Ae surroundings, while freezing is in progress. 
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in the Beckmann thermometer. A thermocouple may, with 
advantage, replace the Beckmann thermometer for the 
measurement of the freezing point. Its use avoids errors due 
to pressure exerted by the freezing soil on the bulb of the 
thermometer. 

The Determination of the Freezing Point: Schofield 
and da Costa’s Method (15). 

Equipment: 

Beckmann Thermometer. When not in use the ther- 
mometer should be kept with its bulb in ice and water. When 
so kept a second determination of the freezing point of water 
generally checks with the first determination within two or 
three thousandths of a degree. It is necessary to redeter- 
mine the zero each morning and afternoon before use. If 
the thermometer has been kept at room temperature it will 
give successively higher readings for the freezing point j re- 
producible values will only be obtained after it has been used 
for six or more times. 

Vacuum Flasks. Wide mouthed vacuum flasks are neces- 
sary to hold the freezing mixtures. 

Automatic Tafper. This is made from an electric bell 
and operates on the stem of the Beckmann thermometer. 

Procedure A: 

Mix several portions of air-dry soil with water so that a 
series of samples is obtained with a suitable range of moisture 
contents. Pack duplicate portions of each moistened sample, 
corresponding to 20 g. of dry soil, into boiling tubes, about 
22 cm. X 2‘5 cm., stopper and leave to stand for 48 hours. 
Adopt a standardized procedure for moistening the soil and 
packing it into the tubes. After the soil has been kept in the 
moist condition for 48 hours, place the tubes containing it in 
a pail of ice water for the preliminary cooling. Keep them in 
this until the time for making each determination. 

Insert the Beckmann thermometer into one of the tubes so 
that the soil is packed snugly around the bulb. Then dip the 
tube into a cooling mixture at about —3° G. until the tempera- 
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ture has been depressed below 0° C. bv abour hdf fu 

desired* Remove the tuhp ^ H-mouiit 

insert it in a Sr tube^feuTSi,":*? “ 

mixture, contained in another vacuum ifesk: nnri °°j”g 

SSfreS *° “f ^ degree of tS 

goJ^md recordZ”'”'- automatic 

^uing ana record the maximum temperatures shown bv f}n« 

on/; SZSS' “““ ” -3- C. is 

nearlir tn ^ r ’ /The initial coolmg can be carried 

STM care supercooling desired, but in such a case 

g-eat mre is needed in wiping the soil tube and inserting it in 

SrZ’ “ “ 

^meter must be known. To determine this, Lo“ it b (T " 
ture, contained m a vacuum flask, and note the drop in tem- 
perature. The water equivalent corresponds to 

and^ and 

The va]u?obf^ immersing the soil tube, 

momitr ^^ter equivalent of the tube, ther- 

tained in the ^il used to obtain the water equivalent of the 
solids (tube, thermometer and dry soil). 
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The heat derived from the formation of ice per 1 ° C. rise in 

temperature during freezing is W + calories, 

where W = the water equivalent of the solids, expressed in g. 
S == the weight of dry soil taken 
and M = the weight of water present per 1 00 g. of dry soil. 

Taking 8 0 calories per gram as the latent heat, the ice formed is 
80\ 


Expressed as a percentage weight of the 


100 / 


dry soil this is 


100 W 
80 


or 


100 _ 

S 80' 

amount of ice formed during freezing is, therefore, 

/W 100 . M\ ^ ^ . , . . , . 

\80' 80/ ^ temperature during 

freezing. By subtracting this value from the amount of mois- 
ture present calculated as a percentage of the dry soil, the 
amount of wa/er present after freezing is obtained. Provided 
that a constant weight of dry soil is used ,each time, a mean 
value can be determined for the water equivalent of the tube, 
thermometer and dry soil. 

Having calculated the amount of ice formed, determine the 
pF value of the soil, corresponding to the given water content, 
from the equation 

pF == 4’ 1 + log t 

where t is the observed depression in the freezing point. From 
a series of observations at different moisture contents plot the 
values obtained for pF against the corresponding corrected 
moisture contents. The moisture content of the soil, corres- 
ponding to any desired pF value, can then be obtained by 
interpolation. 

Procedure B: 

This procedure is less elaborate but is sufficiently accu- 
rate for such purposes as the indirect determination of per- 
manent wilting percentage. 

Proceed as in the previous method as far as cooling the soil 
tube to about half the desired amount, wiping it and ins erting 
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CHAPTER V 


SOIL COLOUR 

Soil colour is one of the first properties noted in the field 
description of soils and, in order to secure uniformity in its 
description, it is necessary to establish standards for the 
several colour terms. This is now possible since the Maxwell 
otating colour discs provide an effective and simple means of 
colour analysis. The Soil Colour Standards Committee of the 
American Soil Survey Association found that nearly all soil 
colours could be reproduced by spinning a disc composed of 
four vanable segments (black, white, yellow and red) thus 
ma ing possible the colour analysis of the soil in terms of these 
four standard colours. In Hutton’s method (1 ) the colour 
segments are rotated at high speed in a horizontal plane and 
the soil is held over _Je rotating disc on a broad-bladed spatula 

^ circumference of the turntable is sub- 

divided into 100 divisions so that the proportions of the four 
standard colours exposed, when adjusted to give a good colour 
match, can be read directly. The method has been improved 
^1 rotates the soil on the same spindle as the 

c^our discs, to facilitate comparison and obviate the shadow 
effect due to its granular surface. He disperses the soil with 
water and paints the “mud” so obtained on to a disc of white 
blotting paper. When dry this is mounted with the colour 
discs on the turntable and clamped in place. It is difficult to 
coat blotting paper with coarse sandy soils, and the coating 
produced by heavy clay soils tends to crack on drying: the 
shadows in the cracks produce a darker shade. T. K. Taylor 
(fnv. c^m ) has improved the technique by using glue to 
attach the soiHo the rotating disc, and his method, in its latest 
lornij IS descnbed below. 

The stand^d MaxweU colour discs used for this method 

ns A J ^ a Company, Baltimore, 

U.i>.A., and have been standardized by the U.S. Bureau of 
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Standards in terms of their spectral reflectance. These discs 
are 4^ in. in diameter and have a radial slit so that all four of 
them can be mounted co-axially on a turntable, and any com- 
bination of the four colour segments can be produced. They . 
are designated by the Munsell Color Co. as 

Neutral 9/- (white) 

Neutral 1/- (black) 

Yellow 8/8 (yellow) 

Red 4/9 (red) 

With few exceptions all soils can be matched against these 
four standard colour discs. The exceptions include red and 
red-brown soils, which are always difficult and not always 
possible to match completely against these four standards. It 
is very probable that this difficulty in matching is due to the 
fact that the colour of these red soils has a greater degree of 
saturation than is provided by the standard red and yellow 
colour discs. Under these conditions a match would be ob- 
tained if white could be added to the colour of the soil under 
test. 

The colour discs must be carefully handled to reduce wear 
and prevent scratches which will change their colour quality. 
The colour discs should also be protected from dust and light 
when not in use. Prolonged exposure to bright light causes 
fading. The discs must be replaced when they become worn, 
if the colour measurements themselves are to be kept standard. 
The speed of rotation of the turntable is immaterial so long as 
it is sufficiently fast to overcome flickering. A speed of about 
2,500 r.p.m. is convenient. 

For field description, Taylor proposes 23 colour classes. 
With one or two minor additions of intermediate colour 
classes, he considers these sufficient for the description of 
normal soils. Mean values for these classes, in terms of the 
standard colours, are given in Table 4. The mean values for 
white and red are not included since too few white soils have 
been examined and, as mentioned previously, it has not been 
possible to match red soils exactly, with the four standard 
colours. The United States Division of Soil Survey has 
adopted a series of 57 standard colour names for the field de- 
scription of soil colour and colour charts showing these classes 
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have recently been published (2). The colour charts are de- 
signed to facilitate the direct matching of the colour of the 

air-dry soil sample without recourse to the rotating colour 

discs. 

TABLE 4. 


Colour Classes used in the Desert ftlon of Soil Colour (after J. K. Taylor). 


Colour Class. 

Black 

% 

White 

% 

Yellow 

% 

Red 

% 

Black 

87-5 

6 

3 

3 * 5 

Very dark grey 

79*5 

8*5 

6*5 

5*5 

Dark grey 

69-5 

14 

9 

7*5 

Grey 

57-5 

19 

13*5 

10 

Light grey 

44-5 

25*5 

18 

12 

White 

n.d. 




Brownish black ! 

86 

2 

5 

7 

Very dark brown 

79 

0 

8 

13 

Dark brown 

72-5 

I 

9*5 

17 

Brown 

56-5 

4 

16 

23*5 

Light brown 

42 

9 

19*5 

29-5 

Dark greyish brown 

75-5 

5 

9*5 

10 

Greyish brown 

55 

9 

14*5 

21*5 

Light greyish brown 

44 

14 

20*5 

21*5 

Dark yellowish brown 

55-5 

0*5 

18*5 

25*5 

Yellowish brown 

34-5 

3 

^ 27*5 

35 

Yellow 

45*5 

4*5 

26 

24 

Light yellow 

23 

12*5 

36 

28*5 

Greyish yellow 

46*5 

8*5 

25 

20 

Reddish brown 

65*5 

0*5 

10 

24 

Light reddish brown 

44 

1*5 

16 

38*5 

Chocolate 

83 

0 

6 

11' 

Red 

n.d. 





Schofield (3) recommends the adoption of C.I.E. (Com- 
mission Internationale d’Edairage) co-ordinates as a refine- 
ment in the definition of soil colour values. The C.I.E. sys- 
tem gives the geometrical representation of any colour. In 
general, this representation must be made in three dimensions 
and the co-ordinates may be spoken of as solid co-ordinates. 
C.I.E. values are given for the four standard Munsell colour 
discs and this paper should be consulted for the method of 
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calculation, if it is desired to express any soil coloxir, already 
defined in terms of the standard colour discs, in the C.I.E. 
system. The most convenient instrument for the direct de- 
termination of the C.I.E. co-ordinates is the Trichromatic 
Colorimeter such as that of Guild or Donaldson. These in- 
struments are too expensive for use in the ordinary soils lalra- 
ratory, but are designed for use in commercial laboratories 
where the standardization of colour is an important daily 
routine. 

The Determination of Soil Colour. 

Affaratus: 

Soil Colorimeter. . A turntable is fitted to the spindle of 
an electric fan motor running at 2,500-3,000 r.p.m. The 
turntable is so constructed that the colour discs and soil disc 
can be clamped, by means of a metal washer and milled head 
thumb nut, on the spindle. The background, surrounding the 
colour discs, should be neutral grey in colour with a cirde 
graduated into 1 00 divisions, so that the proportion of each 
colour segment exposed can be readily ascertained. 

Munsell Colour Discs. These have been specified on 
p. 1 13. 

Cardboard Discs. Cardboard discs, cut from 8 sheet 
white pasteboard, can be purchased. These should have a 
central hole for the spindle. Suitable dimensions are 

External diameter, 1|- in. 

Diameter of hole for spindle, ^ in. 

Thickness, %2 in. 

Thinner discs are not suitable since they are more prone to 
curl when coated with soil. 

Method: 

Crush a small portion of air-dry soil in a mortar, so as to 
break up aggregates but not to grind the individual sand par- 
ticles, and pass through a sieve with round holes O' 5 mm. in 
diameter. Add the portion remaining on the sieve to the fine 
fraction and mix thoroughly. This is done to produce a more 
uniform surface on the soil disc, and so minimize shadow 
effects. Shadow effects will, however, still be perceptible with 
coarse sandy soils. 
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Coat a white cardboard disc with hot glue of medium con- 
sistency and immediately dust on to it a thick layer of the 
finely ground soil. Press firmly with a spatula to ensure good 
adherence of the particles and leave for a few minutes to 
harden. Then gently tap off the surplus soil, place the disc 
on a piece of blotting paper, cover with a sheet of glass (e.g. 
an old photographic plate) so as to keep the disc in a flat posi- 
tion, and leave overnight to dry. 

The soil must adhere evenly to, and fully cover the surface 
of the disc. If any glue shows through, or any soil has 
chipped off, the disc is unsuitable for colour matching. Chips 
in the surface produce a ring effect during spinning. 

When dry, mount the soil disc on the turntable, taking care 
to avoid soiling the colour segments with any soil particles 
adhering to the edge of the disc. Adjust the colour segments 
to a probable value for the soil, clamp the soil disc and colour 
segments in position, and spin the colour wheel. Compare the 
colour produced by the four spinning colour segments with 
that of the soil. Stop the wheel, adjust the proportions of the 
four standard colour segments towards a closer match, and 
spin again. Repeat the operation until a good colour match 
is obtained, when the proportions of the four segments, as 
read from the circular scale, will define the colour of the soil 
in terms of black, white, yellow and red. 

_ All colour comparisons should be carried out in bright but 
diffused daylight. The soil disc and colour standards must 
be observed froni an eye position normal to the plane of rota- 
tion, Angular vision gives rise to false values. 
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CHAPTER VI 


STANDARD SOLUTIONS AND INDICATORS 
STANDARD SOLUTIONS 

For convenience, the strengths of the standard solutions 
most frequently used in soil analysis, together with suitable 
methods for their accurate standardization, are set out below. 
Since standard hydrochloric acid is more widely applicable 
than sulphuric acid it is used in preference to the latter. This 
avoids the necessity for keeping standard solutions of both 
acids. Tenth normal solutions of hydrochloric acid can be 
boiled for at least one hour without loss of acid, provided that 
the evaporated water is replaced. Half normal solutions show 
no loss when boiled for 1 0 minutes. 

Standard Hydrochloric Acid. 

Reagent hydrochloric acid (S.G. IT 8) contains approxi- 
mately 41 8 g. of HCl per litre ( 1 1 TN). It is convenient to 
prepare, by dilution with water, a quantity (2-5 litres) of 
more dilute acid, of about 5N strength, to serve as a stock sup- 
ply for the preparation of all standard solutions of hydro- 
chloric acid. If this stock solution is kept in a well stoppered 
pyrex bottle its strength will remain constant indefinitely. 
Once prepared, and its strength determined, such a stock solu- 
tion greatly facilitates the preparation of supplies of more 
dilute standard solutions. 

To prepare 2N or N hydrochloric acid, transfer, by means 
of a measuring cylinder, sufficient of the stock solution to give 
a standard solution just slightly stronger than that required, 
when diluted in the proper sized volumetric flask. Standardize 
the solution against sodium borate or sodium carbonate, as de- 
scribed below, and acijust the strength to the exact normality 
required by the addition of the small amount of water, calcu- 
lated from the titration. Check the standardization. 

To prepare OTN, 0‘05N or 0‘02N hydrochloric acid 
■ II7 

' f 
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transfer, by means of a pipette, a suitable volume of the N acid 
(200 ml,, 1 00 ml., or 40 ml. respectively) to a 2,000 ml. volu- 
metric flask, dilute to volume and mix well. Check the 
standardization by titration against sodium borate or sodium 
carbonate as described below. Store the standardized solutions 
in well stoppered pyrex bottles. 

STANDARDIZATION. Hydrochloric acid can be standardized 
by titration against weighed amounts of sodium borate or 
sodium carbonate. Sodium borate is preferred. By its use 
acids can be standardized more simply than with carbonate and 
yet at least as accurately. Sodium borate (Na 2 B 407.1 OH 2 O) 
is easily obtained pure, has a high equivalent weight (190 '7), 
and does not attract water during weighing. Reagent grade 
sodium borate is sufficiently pure for all standardizations ex- 
cept when the very highest accuracy is required. The salt 
should be kept in a desiccator, over deliquescent sodium brom- 
ide or a saturated aqueous solution of sodium chloride and 
sucrose. This maintains a relative humidity of 60 per cent, 
and ensures that the sodium borate has the right amount of 
water of crystallization. If a suitable reagent grade cannot 
be obtained, the purest borax should be recrystallized two 
or three times and dried over sodium bromide. Avoid undue 
exposure of the moist salt to the air as it absorbs a little carbon 
dioxide when moist. 

Standardization by mems of Sodium Borate: 

On a tared watch glass weigh out a quantity of sodium 
borate, sufficient to neutralize 30-35 ml. of the acid to be 
standardized. Transfer it to a 250 ml. beaker flask, washing 
the watch glass with about 30 ml. of water. Suitable amounts 
of sodium borate are 5‘ 7-6' 7 g. for normal solutions or 0" 57- 
0 ■ 67 g. for tenth normal solutions. For solutions more dilute 
than 0'05N it is preferable to make a solution containing a 
known amount of sodium borate and titrate a suitable aliquot. 

Add 2-3 drops of methyl red indicator solution to the 
sodium borate in the beaker flask and run in, from a burette, 
the acid to be standardized until the first definite shade of pink 
persists. If the highest accuracy, is required prepare a refer- 
ence solution containing approximately the same concentration 
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of boric acid and sodium chloride that exists in the solution at 
the end of the titration. Add 2-3 drops of methyl red to 
60—70 ml. of this solution, contained in a second beaker flask, 
and place it near the solution being titrated. Then carry out 
the titration until the colour of the indicator corresponds to 
that in this reference solution. 

For the standardization of solutions of hydrochloric acid 
stronger than 0'2N use dimethyl yellow in place of methyl 
red. In titrating these stronger solutions it is essential to 
use a reference solution approximating in composition to the 
boric acid and sodium chloride present at the equivalence point. 
Thus, in titrating N hydrochloric acid, use a reference solution 
which is molar in boric acid and 0 • 5 molar in sodium chloride. 

The normality of the acid is calculated as follows: 


Normality = 


Weight of sodium borate ^ 1 

Volume of acid used OT 907 " 


Standardization by means of Sodiwm Carbonate: 

Transfer a suitable quantity of purjfied anhydrous sodium 
carbonate or sodium bicarbonate to a weighed platinum crucible 
and ignite in a muffle furnace at 270—300° C. for 30 minutes. 
At this temperature bicarbonate is completely converted to 
carbonate and the preparation rendered anhydrous, without 
any decomposition to sodium oxide. If more than 1 g. of 
sodium bicarbonate is ignited, stir it frequently with a platinum 
wire, to ensure complete decomposition to carbonate. When 
the ignition is complete, cover the crucible, cool in a desiccator 
and weigh, to obtain the amount of anhydrous sodium car- 
bonate. 

After weighing, wash the contents of the crucible, quan- 
titatively, into a 250 ml. beaker flask, add one or two drops 
of dimethyl yellow indicator solution and titrate with the 
acid to be standardized, until the first signs of the acid colour 
of the indicator persist. 

^ According to Kolthoff, greater accuracy is obtained by the 
following procedure: 

Run in the acid from a burette until the colour of the in- 
dicator begins to deviate from the water tint. Boil the solution 
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for two minutes, cool and continue the titration until the acid 

colour of the indicator just persists. 

In each case the working titre of the acid, referred to di- 

iBCtfiyl yelloWj IS calculated as follows: 

Normality = of sodium carbonate 1 

volume of acid used 0* 053 O ’ 

Standard Sodium Hydroxide. 


Sodium hydroxide solutions prepared directly from the 
best grade of reagent still contain 1-2 per cent, of the total 
alkali as carbonate. To prepare solutions practically free 
from carbonate one of the two methods described below should 
be used. Solutions of sodium hydroxide rapidly absorb car- 
bon dioxide from the atmosphere and they should be kept 
m bottles pemianently attached to the burette and protected 
by soda-lime guard tubes. 

For dilution, water, free from carbon dioxide, should be 
used. This can be obtained by boiling ordinary distilled water 
, or •5—1 0 minutes. However, the amount of carbon dioxide 
in equilibrium water” is so small that for most purposes it 
is negligible and water, aerated for 8-1 6 hours by bubbling a 
rapid stream of air through it, can therefore be used for dilut- 
ing sodium hydroxide solutions. The air should preferably 
be drawn from outside the laboratory. 

. ^^^PARATION of sodium hydroxide solutions free from 
CARBONATE. Dissolvc 500 g. of sodium hydroxide in 600 ml 
of water in a hard glass flask, close with a rubber stopper or a 
piece of tin foil, and leave to stand for 24 hours. Sodium car- 
bonate is practically insoluble in a solution of sodium hydrox- 
ide of this strength. Filter through a Buchner funnel fitted 
with a 9 cm. Whatman JNo. 50 filter paper, protecting the 
solution as much as possible from carbon dioxide of the atmo- 
sphere. The filtration is slow and takes 4“-5 hours. Transfer 
the filtrate to a ceresine bottle, or to a hard glass flask coated 
ohvthe inside with a thick layer of paraffin wax, and close with 
a rubber stopper. Such a solution contains about 0*65 g. of 
sodium hydroxide per millilitre. For the preparation of 
standard solutions pipette out sufficient of this concentrated 
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solution and dilute to the required volume with boiled or 
aerated distilled water. In pipetting the concentrated solution 
avoid disturbing any carbonate which may have predpitated 
and settled to the bottom during storage. Kolthoff prepares 
the concentrated solution of sodium hydroxide as described 
above and filters it, out of contact with the air, through a 
sintered glass funnel. 

If a trace of calcium in the standard solution does not 
interfere, sodium hydroxide, free from carbonate, can be 
prepared by the following method, due to KolthofiF. Make a 
solution of sodium hydroxide about 1 ' IN and add about 
50 ml. of milk of lime to each litre. Shake for one hour and 
then leave to settle for several days. When quite clear remove 
the supernatant liquid, by siphoning, and dilute to the strength 
required. 

STANDARDIZATION. Sodium hydroxide solutions can be stan- 
dardized by titrating against standard hydrochloric acid, 
using any of the common indicators. However, a direct stan- 
dardization is preferable, and can be easily carried out, since 
several substances are available as primary standards. For 
solutions more dilute than about 0 * 2 N, potassium bi-iodate 
(KIO 3 .HIO 3 ) is probably the most convenient substance. It 
has a high equivalent v^eight (389 ‘9) and can readily be ob- 
tained in a pure anhydrous form. If necessary it can be 
purified by reciystallization from water and dried at a tem- 
perature not exceeding 120° C. Potassium bi-iodate is quite 
stable and non-hygroscopic. Dilute standard solutions, pre- 
pared from it, also maintain their strength indefinitely and 
this greatly facilitates the standardization of very dilute al k ali 
solutions. Potassium bi-iodate is the acid salt of a strong acid, 
iodic acid, and a wide choice of indicators, from dimethyl yel- 
low to phenolphthalein, is therefore available for its titration. 

Potassium acid phthalate (C 6 H 4 .COOH.COOK) and 
hydrazine sulphate (N 2 H 4 .H 2 SO 4 ) can also be recommended. 
These give values identical with those obtained by the use of 
potassium bi-iodate. These two substances are preferred ^to 
potassium bi-iodate for standardizing solutions stronger than 
0 ■ 2 N, for reasons of economy. 

Potassium acid phthalate (equivalent weight 204*1) is 


122 


SOIL AND PLANT ANALYSIS 

readily obtained pure. It is non-hygrosGopic and may be 
weighed directly. If the highest degree of accuracy is re- 
quired in the standardization it can be dried for one hour at 
1 1 0- 1 1 5 ° C. before weighing. If it is necessary to recrystal- 
lize the salt, crystallization should not be allowed to take 
place below 20° C., for at lower temperatures a more acid salt 
separates. The second dissociation constant of phthalic acid 
is 3 ■ 9 X 1 0~^. It is therefore necessary to use an acid sensitive 
indicator (phenolphthalein or one in which the colour change 
occurs at a higher pH value) for its titration with sodium 
hydroxide. 

Hydrazine sulphate (Equivalent weight 130*1) is also 
readily obtained in a pure form, or can be easily purified by re- 
crystallization and drying at a temperature not exceeding 
150° C. As the second dissociation constant of hydrazine is 
very small, its salts are strongly hydrolyzed in water and they 
can be accurately titrated to the basic salts, according to the 
following equation: 

2N2H4.H2S04+2NaOH-(N2H5) 2S04+Na2S04+2H20 
In this titration the sharpest end point is given by methyl red 
and this indicator should be used when standardizing sodium 
hydroxide solutions against hydrazine sulphate. It should 
be noted that the equivalent weight of hydrazine sulphate is 
130*1 and not 65 as given by Kolthoff and Furman (“Volu- 
metric Analysis’^ Vol. II ). 

Direct titration of any of these substances gives the working 
titre of the sodium hydroxide, referred to the particular in- 
dicator used. If the solution is reasonably free from carbonate 
the difference between the dimethyl yellow and methyl red 
values on one hand, and phenolphthalein on the other hand, 
is quite small. 

Standardization by means of Potassium Bi-iodate: 

Weigh out a quantity of pure dry potassium bi-iodate, 
sufficient to neutralize 30-35 ml. of the sodium hydroxide 
solution to be standardized, and dissolve it in about 35 ml. of 
carbon dioxide-free water in a 250 ml. beaker flask. For the 
standardization of tenth normal sodium hydroxide 1 *2-1 *4 g. 
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is a suitable amount. Add 2-3 drops of methyl red indicator 
and run in the sodium hydroxide, from a burette, until the 
indicator just changes from red to yellow. Note the burette 
reading. Add 2 or 3 drops of phenolphthalein and continue 
the titration until the solution is just alkaline to this indicator. 
Less than one drop of alkali is usually required. By the use 
of the two indicators the working titre of the standard sodium 
hydroxide against methyl red and phenolphthalein is obtained 
in the one titration. 

Calculate the normality of the sodium hydroxide against 
each indicator, as follows: 

- . Weight of potassium bi-iodate 1 

oima ity Volume of sodium hydroxide used O' 3899 

Standardization by means of Potassium Acid Phthalate: 

Weigh out a suitable quantity of pure dry potassium acid 
phthalate and dissolve it in about 35 ml. of carbon dioxide- 
free water. Titrate this solution with the sodium hydroxide 
to be standardized, using phenolphthalein as indicator. For 
the standardization of normal sodium hydroxide 6*1-7'1 g. 
of potassium acid phthalate is a suitable amount. 

The normality of the sodium hydroxide, against phenolph- 
thalein, 

_ Weight of potassium acid phthalate ^ 1 

Volume of sodium hydroxide used O ' 2041 

Standardization by means of Hydrazine Sulphate: 

Weigh out a suitable quantity of pure dry hydrazine 
sulphate and dissolve it in about 35 ml. of carbon dioxide-free 
water. Titrate this solution with the sodium hydroxide to be 
standardized, using methyl red as indicator. For normal 
sodium hydroxide, 3 ' 8—4 ' 6 g. of hydrazine sulphate is a suit- 
able amount. For 0 ' 1 N solutions take about one-tenth of this 
amount. 

The normality of the sodium hydroxide, against methyl 
red, 

_ Weight of hydrazine sulphate ^ 1 

Volume of sodium hydroxide used O' 1301 
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Standard Oxalic Acid. 

Standard solutions of oxalic acid are prepared by dissolvine 
accurately weighed amoimts of pure dry oxalic add in watt? 
and dilutiiy to;the proper volume. If carefully prepared no 
other standardization is necessary. If the oxalic acid is for 
ye in permanganate titrations, and not in acidimetry, the ad- 
^tion of 20 ml. of sulphuric acid per litre increases its stability. 
Uxalic acid solutions should always be kept in dark bottles in 
a cupboard. 

O' IN Oxalic Add. 


Disylve 1 2 • 604 g. of pure dry oxalic acid in water, add 
4U mi. o± concentrated sulphuric acid and when cold dilute to 

-6 litres. 

O' 05N Oxalic Acid. 

■ Dissolve 6-302 g. of pure dry oxalic acid in water, add 

40 ml. of concentrated sulphuric acid and when cold dilute 
to 2 litres. 


Standard Potassium Permanganate. 

Standard solutions of potassium permanganate cannot be 
accurately prepared by dissolving the weighed amount of 
yta^ium permanganate directly in water, since ordinary 
distilled water usually contains traces of reducing substances, 
w ich affect the titre. Standard solutions are best prepared 
as follows: 

Heat a suitable volume of water nearly to boiling, remove 
from the name and add a weighed amount of potassium per- 
manpnate. Add 3 • 2 g. per litre f or 0 • 1 N solution or 1 * 6 g. 
per litre for 0-05N solution. When the permanganate has 
completely dissolved return the flask to the burner, introduce 
a couple of glass beads, and keep gently boiling for 15-20 
minutes. Replace the evaporation loss towards the end of the 
ynod Then allow to cool and'filter through a sintered glass 
tuyel. When quite cold standardize as described below 
and store the solution in a dark glass bottle. The filtration 
removes yy precipitated manganese dioxide, which is a strong 
catalyst for the auto-decomposition of permanganate solu- 
tions. If the permanganate solution is not boiled to oxidize 
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reducing substances present, the solution should be left for at 
least a week before filtration and standardization. 

The standardization of permanganate solutions should be 
checked at least once a month. 


Standardization by means of Sodium Oxalate: 

Weigh out a quantity of pure dry sodium oxalate, suffi- 
cient to reduce about 35 ml. of the permanganate to be stan- 
dardized, and dissolve it in 150 ml. of water in a beaker flask. 
Add 5 ml. of concentrated sulphuric acid and heat to 80-85° C. 
Remove from the flame and, while still hot, titrate it with the 
permanganate solution, adding the latter slowly and with con- 
stant stirring, until a faint pink blush just persists. For the 
standardization of O’ IN permanganate take about O’ 20 to 
0’24 g. of sodium oxalate. 

The normality of the permanganate 

Weight of sodium oxalate .1 
Volume of permanganate used ^ 0’0670’ 

Standardization by means of Oxalic Acid: 

Pipette out a suitable quantity of a standard solution of 
oxalic acid and titrate it with permanganate exactly as de- 
scribed above for sodium oxalate. In this case the normality 
of the permanganate 

^ Volume of standard oxalic acid X Normality factor 
Volume of permanganate used 


Standard Silver Nitrate. 

Standard solutions of silver nitrate can be accurately pre- 
pared by dissolving a weighed amount of pure dry silver 
nitrate in water and diluting to the proper volume. Further 
standardization is unnecessary. The following strengths are 
useful: 

O’lN Silver nitrate 
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The two latter solutions are equivalent to 1 mg. and O’ 5 mg. 
of chlorine respectively per millilitre. 

Standard Potassium Chloride. 

These solutions can also be accurately prepared by dissolv- 
ing weighed amounts of pure dry potassium chloride in water 
and diluting to the required volume. Useful solutions are as 
follows: 

0‘OIN Potassium chloride O’ 7456 g. per litre 
O’OOSN Potassium chloride . 0 ’ 3728 g. per litre 

INDICATORS 

The indicator solutions used in the various titrations and for 
the colorimetric determination of pH are described together 
for convenience. This enables the strengths of all indicator 
solutions to be standardized. Most of the indicators used for 
pH work are made up as 0 ’ 04 per cent, solutions so that they 
can be used directly with standard colour discs. For carbon- 
ate and similar titrations dimethyl yellow (dimethyl-amino- 
azo-benzene) is recommended in place of methyl orange since 
the colour change is somewhat more perceptible. Sofnol red 
can be used wherever methyl red is specified. 

Dimethyl Y ellow (Red to yellow, pH 2 ’ 9—4 ’ 0) . Dissolve 
0 ’ 1 g, of dimethyl yellow in 1 00 ml. of 90 per cent, alcohol. 

MethylRed (Red to yellow, pH 4 ’2-6 ’3). Dissolve 0’2 g. 
of methyl red in 50 ml. of alcohol, add 50 ml. of water and 
filter the solution. 

Phenolfhthalein (Colourless to red, pH 8’3-10’0). Dis- 
solve 0 ’ 5 g. of phenolphthalein in 5 0 ml. of alcohol and add 
50 ml. of water. 

Thymolfhthaldn (Colourless to blue, pH 9’3— 10’5). 
Dissolve 0’5 g. of thymolphthalein in 50 ml. of alcohol and 
add 50 ml. of water. 

Indicator Solutions for fH Determinations and S fecial 

Titrations. 

Make up aqueous solutions of these indicators, contain- 
ing 0 ■ 04 g. of indicator per 100 ml. in each case. To dissolve 
these indicators in water it is necessary to use an equivalent 
amount of sodium hydroxide to convert them to the sodium 
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salts. In an agate mortar grind O'! g. of the indicator with 
the amount of O’ IN sodium hydroxide shown in the last 

column of the following table and dilute to 250 ml. 

Amount of 

Colour O-lNNaOH 

Indicator Change pH Range necessary 

Brom Cresol Green yellow-blue 3 ’8-5 ’4 1-43 ml. 

Brom Cresol Purple yellow-purple 5 ’ 2-6 ’ 8 1 ’ 8 5 ml. 

Brom Phenol Blue yellow-blue 3 ’0-4 ’6 1-49 ml. 

Brom Thymol Blue yellow-blue 6 ’0-7 ’6 T60mL 

Cresol Red . . .. yellow-red 7’2-8’8 2 ’62 ml. 

Phenol Red . . .. yellow-red 6 ’8-8 ’4 2 ’82 ml. 

ThymoIBlue.... 1-2-2JJ 


Indicator 

Ciiange 

pH Range 

Brom Cresol Green 

yellow-blue 

3’8-5’4 

Brom Cresol Purple 

yellow-purple 

5 -2-6 -8 

Brom Phenol Blue 

yellow-blue 

3’0-4’6 

Brom Thymol Blue 

yellow-blue 

6’0-7’6 

Cresol Red . . . . 

yellow-red 

7’2-8’8 

Phenol Red . . . . 

yellow-red 

6’8-8’4 

Thymol Blue .... 

(red-yellow 

(yellow-blue 

1 •2-2-8 
8-0-9-6 


CHAPTER VII 


CALCIUM CARBONATE 

Carbonate present in soils is generally determined and re- 
ported as calcium carbonate even though it may be partly dolo- 
mitic, some of the calcium being replaced by magnesium. 
&yeral methods are available, depending upon the purpose 
ot the determination and the accuracy required. If the values 
are required for the correction of exchangeable calcium or 
organic carbon determinations in calcareous soils, the hiehest 
accuracy is desirable and Hutchinson and MacLenSan’s 
method IS recommended (p. 130 ). Frequently, however, more 

rapid methods are desirable, even though the results are less 
accurate. A knowledge of the approximate amount of calcium 
arbonate present in calcareous soils is required before start- 
ing mechanical analyses. Also it is useful to have a rough 
idea of the amount of calcium carbonate present as a guide to 
the amount of sample to be taken for its more accurate deter- 

rnnJlX. survey purposes, too, an approximate 

knowledge of the amount of calcium carbonate is frequently 

!u c methods are therefore described. In 

theErst of these, a modification of Passon’s method developed 
by W. R Skewes, carbon dioxide is liberated by the action of 
hydrochloric acid on the soil, in a closed system, and the 
increase in pressure is measured (p. 132). Provided that no 
great temperature fluctuations occur the results are accurate to 
within 0-05 unit for small amounts of carbonate (up to 1 
percent.) and to within 0 - 1 unit for larger amounts. In the 
^cond method (p. 135) the soil is treated with an excess of 
y^ochloric acid and the excess of acid titratedVith sodium 
hydropde using brom thymol blue as indicator. To reduce 
sampling errors normal solutions are used. Some of the add 
added IS used in repkdng the exchangeable cations. Iron and 
a uminiuin are also dissolved but as they are repredpitated at 
the end point of the titration they do not affect the determina- 
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tion. Values obtained by this method are approximately 1 
unit high. * 

In the accurate determination of carbonate in sods, precau- 
tions must be taken to avoid the production of carbon dioxide 
by decarboxylation of the organic matter. This occurs readily 
if the hydrochloric acid used for decomposing the carbonates 
is too concentrated, or if elevated temperatures are used. 
Schollenberger (2) also noted that some organic matter was 
readily oxidized in those soils containing manganese dioxide. 
He avoided errors from this source by adding ferrous chloride 
to the dilute hydrochloric acid used and decomposing the car- 
bonates at a low temperature (boiling under reduced pres- 
sure).’ Shaw (3) used stannous chloride for a similar pur- 
pose. Ferrous chloride is not quite as effective as stannous 
chloride but, for practical reasons, it is preferred. Its solu- 
tion is more convenient to prepare and it does not foul the 
apparatus like stannous chloride. 

In Hutchinson and MacLennan’s method (1) the soil is 
decomposed by cold dilute hydrochloric acid, in vacuo, and the 
carbon dioxide evolved is absorbed in standard sodium 
hydroxide. The absorbed carbon dioxide is precipitated as 
barium carbonate, by the addition of an excess of barium 
chloride, and the alkali remaining is titrated with hydrochloric 
acid. In the presence of a large excess of barium chloride, 
barium carbonate is almost insoluble, so that a sharp end point 
is obtained. Phenolphthalein can be used as the indicator. 
However, if much barium carbonate is precipitated, thymolph- 
thalein is preferable, since its transition range is slightly more 
alkaline and it is therefore less affected by barium carbonate. 
Provided that ferrous chloride is used to prevent decarboxyla- 
tion in the case of certain organic and manganiferous soils, this 
method gives results of a high order of accuracy. The ap- 
paratus reqmred is simple and determinations can be carried 
out rapidly. For consistent results a high vacuum is desirable. 
To maintain this the rubber stoppers used must be in good 
condition and fit tightly. It is easier to maintain a high 
vacuum in an apparatus assembled from a large filter fladc, 
as proposed by Williams (4), instead of from two round 
bottom flasks, as used in the original method. Soils containing 
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dolomite must be very finely ground and left to react with 
the acid for a somewhat longer time than is usually necessary. 

The Determination of Calcium Carbonate: Hutchin- 
son and MacLennan’s' Method. 

A'pfaratus: 

The apparatus required is shown in Fig. 11. A is a 50 
ml. separating funnel the stem of which reaches to the bottom 
of the 150 ml. round bottom flask B. C is a bulb tube to pre- 
vent the mechanical carrying over of acid spray from B. D is 
a 1,000 ml. pyrex or hard glass filter flask and E is a stopcock 
for connexion to the vacuum pump. 

Reagents: 

Dilute Hydrochloric Acid. Dilute 100 ml. of concen- 
trated hydrochloric acid to 2 litres. 

Dilute Hydrochloric Acid containing Ferrous Chloride. 
Dissolve 3 g. of ferrous chloride (FeCl2.4H20) in each 100 
ml. of dilute hydrochloric acid immediately before use. 

Rarium Chloride. Dissolve 150 g. of barium chloride 
(BaCl 2 . 2 H 20 ) in water and dilute to 1 litre. 

O' IN Hydrochloric Acid. Seep. 117. 

0' IN Sodium Hydroxide. Seep. 120. 

Indicator Solution. For phenolphthalein and thymol- 
phthalein solutions see p. 126. 

Method: 

Weigh out O' 5-25 g. of soil, depending on the amount 
of carbonate present, and transfer it to the 150 ml. round 
bottom flask. The amount of soil taken should contain from 
0 ■ 1 5 to 0 ■ 2 g. of calcium carbonate but, if only a small amount 
is present, not more than 2 5 g. of soil should be taken. If less 
than 15 g. is taken, it is necessary to grind the soil to pass a 
0 ■ 5 mm. screen to reduce sampling errors. If the pH of the 
soil is less than about 7 ’6 it is generally safe to take 25 g. for 
the carbonate determination. 

Pipette 50 ml. of O’ IN sodium hydroxide (carbonate-free) 
into the 1,000 ml. flask, add fo\ir or five drops of indicator 
solution (thymolphthalein or phenolphthalein) and close the 
flasks tightly with the rubber stoppers. Evacuate the system 
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as completely as possible by means of an electric or good 
filter pump. When completely evacuated close the stopcock 
E and add about 50 ml. of dilute hydrochloric acid to the 
separating funnel. For soils containing manganese dioxide or 


Fig. 1 1 . Apparatus for the determination of carbonates by 
Hutchinson and MacLennan’s method. 

much organic matter, use dilute hydrochloric acid containing 
ferrous chloride. Cautiously open the stopcock of the separat- 
ing funnel and slowly introduce the acid into the small round 
bottom flask containing the soil; avoid too vigorous a reaction 
at the start. When only a few drops of acid remain in the 
funnel close this stopcock. After a few minutes gently shakp 
the flask to ensure complete decomposition of all carbonate 
present. Repeat this shaking four times in all during 20 
minutes. Then connect the top of the separating funnel to a 
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gas washing tower, containing 40 per cent, potassium 
hydroxide, and slowly draw in carbon dioxide-free air until 
the vacuum is destroyed. This operation should take about 
10 minutes. The air is drawn in through the acid-soil mixture 
and helps to sweep out the last traces of carbon dioxide. Shake 
the flasks at five minute intervals for a further 20 minutes to 
ensure complete absorption of all the carbon dioxide. Then 
disconnect the 1,000 ml. flask, rinse the stopper into it with 
carbon dioxide-free distilled water, and add 1 0 ml. of barium 
chloride solution. Unless too large a quantity of soil has been 
taken the colour of the indicator will still persist. Titrate the 
contents of the flask with 0‘lN hydrochloric acid until the 
indicator just becomes colourless. If thymolphthalein is used 
the end point can be checked by adding phenolphthalein after 
the thymolphthalein has been decolorized. A pink colour 
should develop, requiring two or three additional drops of 
acid to discharge it. 

With each series of determinations carry out a blank deter- 
mination, using all the reagents, but without soil in the small 
flask. Use the same indicator as that used in the actual deter- 
minations. 

Calculate the amount of carbonate present in the soil, ex- 
\ pressed as calcium carbonate, as follows: 


% CaCOs =- 


B-T 

Weight of soil used 


X 0'005 X 100 


where B == volume of O' IN hydrochloric acid used in the 


blank determination 


and T == volume of O' IN hydrochloric acid used in the 
act\ial determination. 





The Determination of Galeium Carbonate: Modified 
Passon’s Method. 

For soils containing O' 2-1 per cent, of calcium carbonate, 
the average error of this method varies from 1 0 per cent, to 
4 per cent, of the total carbonate present, decreasing as the 
amount of carbonate increases. Thus for soils with 0 ' 2 per 
cent, and 1 per cent, of carbonate the absolute error approri- 
mates to O' 02 and O' 04 of a unit, respectively. For soils 
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with 1-5 or more per cent, of carbonate the average error de- 
clines from 4 to 2 per cent, of the total carbonate present. The 
method is recommended where an accuracy of this order is 
sufficient. 


Fig. 12 . Modified Passon’s apparatus for the 
determination of carbonates. 

Affaratus: 

The apparatus required is easily assembled from com- 
mercially available components. It is illustrated in Fig. 1 2. 
When carrying out large numbers of determinations several 
units, consisting of bottle, lid, and stopcock, are desirable. 
They can all be connected in turn to the one manometer. 

The bottle A consists of an ordinary 6 oz. wide mouthed 
bottle, taking a screw-on lid. The screw-on lid is made of tin 
plate, strengthened by a flat plate of metal on top, and pro- 
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tected from corrosion by a coating of colourless synthetic 
enamel. A stainless steel tube, one inch long, is soldered into 
the centre of the lid and a stopcock, B, and bulb tube, 2 mm. 
bore, is rigidly fixed into the stainless steel tube by means of 
de Khotinsky’s cement. The bulb tube prevents spray from 
being carried over into the manometer. A soft rubber 
washer is used to make a gas-tight union between the lid and 
bottle. For pressure measurements the completed assembly is 
connected to the manometer by a short length of rubber tub- 
ing, the bore and length of which are standardized. The 
mercury manometer is made from glass tubing, 2 mm. bore, 
and has a stopcock C attached to it, to enable the pressure in 
the manometer to be equalized after each bottle is connected. 

The soil is held in a cone, D, made from sheet celluloid. 
It is 39 mm. in diameter, and 34 mm. high, sufficiently large 
to hold 5 g. of soil with ease. It is supported by resting loosely 
, on an open cylinder of celluloid, E, 18 mm. diameter and 25 
mm. high. 

Reagents: 

2N Hydrochloric Acid. Dilute 175 ml. of concentrated 
hydrochloric acid to 1 litre. This solution does not require 
standardization. 

Method: 

By means of a measuring cylinder pour 25 ml. of 2N 
hydrochloric acid into the glass bottle. Transfer 5 g. of soil 
to the celluloid cone and support it in the wide mouthed bottle 
by means of the celluloid cylinder, so that the soil does not 
come in contact with the acid. Screw the lid tightly into posi- 
tion, using a soft rubber washer to ensure a gas-tight joint. 
Close the stopcock and shake the bottle to dislodge the soil into 
the acid. Shake mechanically for 1 0 minutes to ensure com- 
plete decomposition of the soil carbonates by the acid. Then 
• connect the bottle to the manometer and equalize the pressure 
in the manometer by momentarily opening stopcock C. Open 
stopcock B and read the pressure in the manometer due to the 
carbon dioxide liberated. 

Calibrate the apparatus by making determinations on 
several known amounts of pure calcium carbonate added to 
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sufficient of a carbonate-free soil to give a total weight of 5 g. 
The effective volume of the bottle and connecting tube is an 
important factor in the standardization and must be kept the 
same in all units used. The bottles have a volume of 1 95 ml. 
and this is reduced to 168 ml. when the soil, celluloid con- 
tainers and acid are added. The change in volume due to the 
use of soils of diflFerent specific gravity is negligible. The 
volume of the acid must be kept the same in all determinations. 
For soils very high in calcium carbonate 25 ml. of 2N acid 
is not sufficient to decompose all the carbonate. For these 
soils 25 ml. of a stronger acid should be used, or it is per- 
missible to reduce the amount of soil to 2‘5 g. In this case 
multiply the manometer readings by two. 

All determinations should be carried out at a temperature 
as close as possible to that at which the apparatus was cali- 
brated. A correction can be applied if the temperature differs 
appreciably. For each increase of 1 ° C. above the calibration 
temperature subtract one eightieth of the amount of calcium 
carbonate found. 

The Determination of Calcium Carbonate: Rapid 
J Titration Method. 


This method yields approximate values only and is not re- 
commended whei-e results closer than about one unit in the 
percentage of calcium carbonate are required. 

Reagents: 

N Hydrochloric Acid. Dilute 175 ml. of concentrated 
hydrochloric acid to 2 litres. This solution does not require 
standardization. 

H Sodium Hydroxide. This need not be specially car- 
bonate-free. Dissolve slightly more than 80 g. of sodium 
hydroxide in 2 litres of water. Standardize against hydrazine 
sxilphate as described on p. 123 and dilute until exactly N. 
Brom Thymol Blue Indicator Solution. Seep. 127. 

Method: 

Weigh out 5 g. of soil and transfer to a tali 150 ml. 
beaker. For soils with more than 30 per cent, of calcium car- 
bonate take 2‘5 g. only. By means of a pipette with an en- 







SOIL AND PLANT ANALYSIS 

larged jet, add 100 ml. of N hvdrocKlorir arJA • 

clock glass and stir vigorously several times H ^ 

of one hour. Then aJlowTnL?J j “ ’ during a period 

the supernatant liquid. Transfer to Tsmalf Erie”® 
Sr^t"a‘*Ma'fcTt“‘“— ““Pfete'ttedtatioi* 

hXcMoric ai? ■'*'— ol*- the titre of Z 

“ Si™ by the ett- 

Tf X ~ (Blank titration — Actual titration) X 5 

If the sodium hydroxide solution is not exactly normal 

of™ ^ ^ determination on 4-5 g. 
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CHAPTER Vlir 


THE ANALYSIS OF THE HYDROCHLORIC ACID 

EXTRACT 

At one time considerable value was attached to the hydro- 
chloric acid digestion of the soil since it was thought that the 
method could discriminate between the weathered and the un- 
weathered minerals present. The former fraction was sup- 
posed to represent the total source of plant nutrients. How- 
ever, hydrochloric acid extraction is entirely empirical ; it does 
not differentiate between the different categories of minerals 
present and the amounts brought into solution depend on such 
factors as the strength of acid and the time of digestion. Ex- 
cept for the determination of potash and phosphoric acid, 
digestion with hydrochloric acid is now only occasionally used. 

In most methods hydrochloric acid of constant boiling point 
(S.G. 1 • 10) is used. Hilgard digested the soil for five days 
while Hall, whose method was adopted by the Agricultural 
Education Association in 1905, recommended digestion in a 
boiling water bath for 48 hours. In 1 929 the International , 
Society of Soil Science adopted the van Beramelen-Hissink 
method in which the soil is boiled with 'concentrated hydro- 
chloric acid until the constant boiling point is reached, when a^ 
reflux condenser is fitted and the digestion continued for a 
further two hours. On account of the unnecessary manipula- 
tive difficulties in this method the Agricultural Education As- 
sociation (2) provisionally adopted, in 1931, a simplified 
digestion and dispensed with the reflux condenser. In the 
A.E.A. provisional method the soil is gendy boiled for one 
hour with hydrochloric acid. A tall beaker, covered with a 
clock glass to minimize evaporation, is used. Values obtained 
by this digestion correspond approximately with those given 
by the official method of the I.S.S.S. 

The amount of potasfi extracted varies considerably with 
the time of digestion and increased amounts are obtained up to 
at least five days’ digestion. However, even this prolonged 

137 


SOIL AMD PI4|JT*ANALYSIS ' 

treatment fails to obtain the whole of the potash in solution 
If such a value is required, fusion or treatment with hydro- 
fluonc acid is necessary. ' The amount of potash brought into 
solution during one to J:wo hours’ digestion with hydrochloric 

hotl' ITTm for 48 
hours. J. G Baldwin ffnv. comm.) found that only 22-68 

per cent, of the potash Extractable in 48 hours was in solution 
at the end of one bourn’s digestion. It is apparent that the 
potash extracted does not belong t5 any particular category in 
the soil but is derived from the decomposition of silicate mine- 
rs slowly attacked by the boiling acid. It is considered that 
Jrlall s method of digestion is still the most useful, since so 
many comparative values have been determined by it. 
Furthermore, after 48 hours’ digestion, the amounts of potash 
coming into solution are small and a state of equilibrium has 
be^ more nearly approached than after one hour’s digestion. . 

hosphonc acid, unlike potash, is readily extracted by 
hydrochloric acid and it is generally supposed that the bulk ■ 
It not all, of the soil phosphorus is extracted by any of the 
above-mentioned methods. McLean (4), concluded that 48 
hours digestion was amply sufficient to extract all of the acid 
soluble phosphorus and that this amount represented a definite ' 
^tegory of soil phosphorus. It is the same as the amount 
brought out by a direct digestion of the soil for 45-75 minutes 
with sulphuric and nitric acids, according to the method of the 
rlalle Station. . 

Apart from the presence of organic matter and the large 
amounts of iron and aluminium relative to the other con- 
stituents, the analysis of the hydrochloric acid extract presents 
no great difficulties. The sAeme described below is based 
largely on client practice in silicate analysis. The basic 
acetate precipitation of the sesquioxides, followed by an am- 
monia reprmpitation, is necessary to prevent absorption of 
magnesia. Pothsh is separated by ignition of an aliquot of the 
hydiochloric acid solution and extraction, with water, as first 
proposed by Neubauer. An excess of calcium salts is necessary 
0 prevent some of the potassium remaining in the residue in 

r S ®e^tter ,(l) and Martin and 

uriltith (3) have noted that in some cas^ hot water does not 
extract potassium completely from the i^ited residue. To 

r'f' 
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recover the last of the potash they dissolve the residue from 
the hot water extraction in dilute hydrochloric acid and' pre- 
cipitate iron and alutoinium with ammonia. 

Potash is conveniently determined by the perchlorate 
method. Sulphates must be removed prior to separation of 
the potassium perchlorate. If it is not desired to remove 
sulphates the cobaltinitrite method, described on p. 1 78, can be 
used as a gravimetric method since the amounts of potash are 
usually suiBcient to give weighable precipitates. 

When calcium salts are not unduly high, as in soils with 
less than 4 per cent, of calcium carbonate, phosphoric acid 
can be determined directly in an aliquot of the soil extract 
(p. 152) instead of igniting and extracting with hot water to 
remove potash and the excess of soluble calcium salts (p. 1 50) . 
The introduction of “Celite” as a filter aid (E. C. Orton, p-iv. 
■omm.) assists considerably in the final phosphate filtration. 

Hydrochloric Acid Extraction: Hall’s Method. 

Place 50 g. of the air-dry soil in a 500 ml. pyrex Erlenmejv 
flask and add 1 75 ml. of concentrated hydrochloric acid. Place 
a small glass funnel in the neck to act as a condenser. Boil 
for a few minutes over a flame so as to reduce the strength of 
the hydrochloric acid to the constant boiling strength. Then 
digest in a boiling water bath for 48 hours. 

Dilute with 100-150 ml. of hot water, then filter through 
a 9 cm. Buchner funnel, fitted with a Whatman No. 50 filter 
paper, and wash with hot water containing 50 ml. of concen- 
trated hydrochloric acid per litre. (This acid is necessary to 
prevent the hydrolysis of ferric and aluminium salts in hot 
dilute solutions.) The washing should be continued until the 
filtiate amounts to nearly 800 ml. Transfer the filtrate to a 
litie measuring flask, and when cold dilute to the mark and 
mix well. 

Use suitable aliquots of this solution for the determination 

FobOs and Ti 02 

Mn304 

FeaOs + AI 2 O 3 , CaO and MgO 
XOandPaOs 

according to the methods described below. 
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Hydrochloric Acid Extraction: A^A tW^n P 
Visional Method. llVol) Pro. 
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(I ) FERRIC OXIDE AND TITANIUM DIOXIDE. 
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Mis : ' ™ a 250 ml. Erlenmeyer flask. 
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Wash the basin thoroughly with hot 'water, then dilute the ■’ 

liquid in the flask to 150-200 ml. 

When cold, pass hydrogen sulphide gas into the solution 
for 7—10 minutes. Disconnect from the gas generator and 
heat until nearly boiling. Test for the presence of any ferric 
salt by removing two or three drops of the solution and adding 
them to a solution of potassium thiocyanate contained in a , i 

watch glass or white porcelain dish. If reduction is complete, ; ' 

as indicated by no red colour being produced, connect the flask ’ ;; 

again to the hydrogen sulphide generator and bubble the gas " : 

in slowly, surrounding the flask with cold water. Continue . I 

passing the gas until nearly cold. Should the reduction have ; j 

been incomplete, as may occasionally be the case, the hydrogen | 

sulphide must be passed into the hot liquid until a second test I 

shows the absence of any ferric salt j then cool as above,'con- , I 

tinning to pass the gas until cold. | | 

Filter through an 1 1 cm. Whatman No. 44 filter paper into i I 

a 500 ml. Erlenmeyer flask, keeping the filter paper full, to | 

avoid any oxidation. Wash the flask and filter paper six ’ 

times with water containing hydrogen sulphide. Frequently 1 

p the filtrate becomes opalescent due to finely divided sulphur, 

I but this will not matter as it will be completely oxidized in 

|, the subsequent boiling. Again test the filtrate for any ferric 

* salt. If any should have become oxidized during the filtra- 
tion, the solution must be warmed, treated wkh hydrogen 
sulphide until reduced, and then cooled as before. It is un- 
necessary to filter the liquid again. 

Now pass carbon dioxide (freed from any possible traces 
of hydrogen sulphide by bubbling through a solution of copper 
sulphate and then water) into the flask, and boil the solution, 

Continue to boil for about fifteen minutes, without interrupt- 
ing the stream of carbon dioxide. Boiling must be continued 
for some time after the elimination of all hydrogen sulphide, 
but the liquid must not be concentrated to more than half 
its original volume. Cool, by placing the flask in a dish of 
cold water, continuing to-pass carbon dioxide until quite cold. 

Then rinse the tube into the flask with cold distilled water 
(previously boiled), and titrate with O'lN potassium per- 
manganate, recently standardized against pure sodium 
late, until a pink blush just persists. The end ‘ ’ 

i— ' ' 


point 1 ^ I 
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sharp and the colour remains for at least a minute if the soil 
organic matter has been properly oxidized in the preliminary 
treatment with fuming nitric acid. 

1 ml. of O’lN KMnOi “ O'OOSOg. FeaOs 
Reserve the liquid after the titration, for the determination of 
titanium. 

(b) Titamum Dioxide, TiOa’ To the liquid in the flasV^ 
after the titration with potassium permanganate, add 1 0 ml. 
of concentrated sulphuric acid, and concentrate, by boiling, 
until its volume is about 50 ml. The addition of two or three 
glass beads will promote even boiling. Add 5 ml. of 20 vol. 
hydrogen peroxide and transfer the solution to a volumetric 
flask so that the colour will be of suitable intensity for com- 
parison in a colorimeter. A 100 ml. flask is generally con- 
venient. When cold add a further 1-2 ml. of hydrogen 
peroxide and dilute to the mark. Mix well by inverting the 
closely stoppered flask several times. Then compare the 
colour produced, in a suitable colorimeter, with that developed 
by a known amount of a standard solution of titanium 
sulphate in another 100 ml. flask. If much calcium sulphate, 
or other insoluble matter, is present in the test solution it is 
necessary to clear some of the solution for the colour com- 
parison, either by centrifuging or filtering through a dry 
Whatman No. 44 filter paper, rejecting the first runnings. 

Take the average of eight consecutive colorimeter readings. 
The amount of Ti02 in the test solution is given by the follow- 
ing expression: 




Ya 


where S = amount of Ti02 in the standard colour solution 
Dg == depth of the standard colour solution 
Du = depth of the unknown colour solution 
Vu = volume of the unknown colour solution 
and Vg == volume of the standard colour solution. 

Make a correction for the colour due to ferric sulphate by 
subtracting 0 ' 0 1 per cent, from the percentage of Ti 02 found, 
< for each 5 per cent, of Fe 203 present. 

Standard Titamum Sulfhate Solution: Dissolve about 2 g. 
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of the purest titanium dioxide in 1 0 ml. of concentrated sul- 
phuric acid, together with sufficient hydrofluoric acid, in a 
platinum basin. Evaporate to fuming five times successively, 
adding about 10 ml. of dilute sulphuric acid (1 + 1) each 
time. When all the hydrofluoric acid has been expelled, 
up in 15 ml. of sulphuric acid and 60-80 ml. of water and 
filter into a 2-litre measuring flask. Add 1 50 ml. of concen- 
trated sulphuric acid, cool, and dilute to the graduation mark. 
Transfer to a stoppered reagent bottle. Determine the actual 
strength of the standard solution by precipitating duplicate 50 
ml. portions with ammonia, filtering, washing, and igniting as 
Ti02. 

To prepare standard colour solutions, pipette suitable 
volumes into 100 ml. measuring flasks, add 10 ml. of sul- 
phuric acid, dilute, cool, add 5 ml. of hydrogen peroxide and 
adjust the volume to the mark. 


(2) MANGANESE OXIDE (Mn304). 

Evaporate 100 ml. of the hydrochloric acid extract 
nearly to dryness in a silica basin on the water bath. Cover 
with a clock glass and add 1 5 ml. of fuming nitric acid. Digest 
on the bath for about twenty minutes, and then remove the 
clock glass and rinse it into the basin. Then add 40 ml. of 
dilute sulphuric acid ( 1 + 1 ) and leave on the briskly-boiling 
bath for about -one hour. Transfer to a sand bath and con- 
tinue the evaporation cautiously until fumes of sulphuric acid 
are just produced, and all the chlorine is eliminated. 

When the contents of the silica basin are cold, add 2 ml. of 
phosphoric acid and 30-50 ml. of water. Add O' 3 to 0-5 g. 
of potassium periodate, and bring the contents of the dish 
to the boil, stirring to prevent bumping. Keep just boiling 
for one minute after the development of the permanganate 
colour. When sufficiently cool transfer the contents of the 
dish to a volumetric flask of suitable size (50 ml. to 250 ml., 
according to the amount of manganese present), and wash the 
dish thoroughly with small portions of hot water. Place the 
flask in a boiling water bath for 1 0-1 5 minutes. Then remove 
and allow to cool. When quite cold dilute to the mark and 
mix the contents well. 
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Prepare a standard manganese colour solution by pipetting 
an appropriate amount of the standard manganous sulphate 
into a volumetric flask, adding 15 ml. of concentrated sul- 
phuric acid, 2 ml. of phosphoric acid and diluting to about 
60-70 ml. Add O’ 3-0 '5 g. of potassium periodate, heat in 
a boiling water bath for fifteen minutes after the development 
of the permanganate colour and then remove. When cold, 
dilute to the mark and mix well. 

Compare the intensity of colour of the test solution with that 
of the standard solution by means of a colorimeter. For good 
colour comparisons the test solution should not be more than 
40 per cent, stronger or 25 per cent, weaker than the standard 
colour solution. 

When much insoluble matter, such as silica or calcium sul- 
phate, is present in the test solution it must be removed before 
attempting the colour comparison. If this cannot be done by 
decantation, centrifuging for 3 or 4 minutes, or filtration 
through a sintered glass funnel, will be found satisfactory. 
Filtration through filter paper is not permissible on account 
of the reduction of the permanganate. 

The amount of Mn304 present in the test solution is given 
by the following expression: 

where S == the amount of MnsOi in the standard colour 
solution 

Dg = depth of the standard colour solution 
Dn = depth of the unknown colour solution 
Vu = volume of the unknown colour solution 
and Vg = volume of the standard colour solution. 

Standard Manganous Sulphate Solution: This should 
contain the equivalent of 1 mg. of Mn per 1 0 ml. 

Dissolve O’ 5756 g. of the purest, dry, potassium perman- 
ganate in 500 ml. of water in a 2,000 ml. measuring flask. Add 
40 ml. of concentrated sulphuric acid and reduce the perman- 
ganate by the cautious addition of sodium metabisulphite solu- 
tion, until the manganese solution just becomes colourless. 
Oxidize the excess of sulphurous acid by the addition of a little 
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nitric acid. When cool, dilute to the 2,000 ml. graduation 
mark, mix well, and store in a stoppered reagent bottle. 

(3) IRON, ALUMINIUM, CALCIUM, AND MAGNESIUM. 

(a) Elimination of Silica: Pipette 25-50 ml. (depending 
on the relative amounts of iron and calcium present) into a 
silica basin, and evaporate to dryness on the water bath. Cool 
for a few moments and then add 1 5 ml. of fuming nitric acid, 
cover with a clock glass and replace on the water bath. After 
fifteen minutes’ digestion, remove the clock glass, rinse it into 
the basin, evaporate the contents to dryness, and leave on the 
bath for a further half to one hour to render the silica in- 
soluble. 

Take up in 30 ml. of dilute hydrochloric acid (1 +-9). 
Warm for a few minutes until all the soluble matter is in 
solution. Filter through a 9 cm. Whatman No. 44 filter 
paper into a 400 ml. beaker. Wash twice with cold water and 
then four times with hot water containing 50 ml. of hydro- 
chloric acid per litre. Complete the washing with hot water 
alone and reject the filter paper containing the silica. 

(b) Iron and A lumina^ Fe^Oz + AhOz (+ P2O5 + 
TiOz). Basic AceiatTS^araHoh: Concentrate the filtrate and 
washings from the silica separation on the water bath until the 
volume is reduced to about 50 ml. When quite cold, add 
freshly-prepared cold 20 per cent, solution of sodium carbon- 
ate, the beaker being covered to prevent loss by spray. Add 
the sodium carbonate gradually at first, and finally drop by 
drop, until the liquid in the beaker has just darkened in colour, 
but no precipitate has formed. If, after the addition of the 
last drop of sodium carbonate and after rinsing the cover glass 
and the sides of the beaker, there is a precipitate, then add one, 
or if need be, two drops of dilute hydrochloric acid (1 +3). 
If this fails to clear the solution, the precipitate must be re- 
dissolved by the smallest possible amount of dilute acid, and 
diluted sodium carbonate again added more carefully drop by 
drop from a tube, until the liquid has just darkened in colour. 

The volume at this stage should not exceed 75—100 ml. 
Add 6 to 8 ml. of 20 per cent, sodium acetate solution, and then 
fill the beaker to about 350-375 ml. with hot water. For 
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heavy clay soils, containing moderate to large amounts of iron 
and aluminium, it is necessary to use 10-12 ml. of sodium 
acetate. Heat to boiling while still covered with the clock 
glass, and boil gently for three minutes, but no longer. Allow 
to Stand a few minutes until most of the precipitate has 
settled, and then filter through a suitable size (12:5 cm. or 
11 cm.) Whatman No. 41 filter paper. Collect the filtrate in 
a600 or 800 ml. beaker. Wash the original beaker and pre- 
cipitate three or four times with hot O’ 2 per cent, sodium 
acetate. 

Sodium carbonate and sodium acetate effect a much better 
separation from magnesium than do ammonium carbonate and 
ammonium acetate. For a good separation it is desirable that 
ammonium salts be absent at this stage. 

Transfer the filter and precipitate to the original beaker. 
Add 25 ml. of warm dilute hydrochloric acid (1 4- 1 ), pour- 
ing it around the sides of the beaker and stirring rod to dissolve 
the precipitate. Add 75 ml. of Water, a few drops of methyl 
red or sofnol red indicator solution, and a little macerated 
filter paper. Warm until all the iron and aluminium are 
dissolved. Then add dilute ammonia ,( 1 + 1 ) until preci- 
pitation again occurs and the colour of the indicator just 
changes to the alkaline shade. Add a further 2-3 drops of 
> dilute ammonia and allow to stand until the colour of the indi- 
cator in the supernatant liquid can be seen. Heat to boiling 
point and boil for 30-40 seconds. If the red colour of the 
indicator returns add a further drop of dilute ammonia, but 
only sufficient just to restore the alkaline colour. Allow the 
precipitate to stand for some minutes until the bulk of it has 
settled j then filter through a 12’ 5 cm. Whatman No. 541 
filter paper. Wash well with hot water, collecting the filtrate 
in the same beaker as that containing the filtrate from the first 
precipitation. When the washing is complete, drain the filter 
and precipitate by applying suction to the stem of the funnel. 
Transfer the precipitate to a weighed silica crucible. 

Concentrate the combined filtrates, by leaving the beaker 
on the water bath overnight, until the volume is reduced to 
about 50—100 ml. Then make it just ammoniacal, boil, and 
filter through a 9 cm. Whatman No. 41 filter paper to remove 
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the traces of aluminium which escaped precipitation earlier. 
Wash the beaker and filter with hot water and collect the 
filtrate in a 400 ml. beaker. Add the filter and precipitate to 
the crucible containing the main portion of the iron and alumi- 
nium precipitate, ignite carefully in a muffle furnace and 
weigh as Fe203 + AI2O3 H- Ti02 + P2O5. To obtain the 
amount of AI2O3 deduct the amounts of Fe203, TiOa, and 
P2O5 found separately. 

(c) Elimination of Manganese: After the removal of the 
last traces of iron and aluminium, concentrate the filtrate and 
washings on the water bath until the volume is again reduced 
to about 5 0 ml. Cool in a dish of water. When quite cold 
add sufficient bromine water (generally 30-50 ml.) to colour 
the liquid fairly strongly, and then add a very little dilute 
ammonia ( 1 + 9 ) until just alkaline to litmus. Cover the 
beaker with a clock glass, and boil for a short time (three 
minutes). Again cool in water and add bromine water and 
ammonia as before, and boil again to complete the precipitation 
of the manganese. Make just acid with dilute acetic acid (20 
per cent.), and filter while hot through an 1 1 cm. Whatman 
No. 44 filter paper. Wash well with hot water and collect the 
filtrate in a 600 ml. beaker. Reject the filter paper containing 
the precipitated manganese as this precipitate is not sufficiently 
pure to weigh directly for the Mn304 determination. It 
usually only amounts to 1 -3 mg. 

"•s{d) Calcium Oxide, CaO: Boil the filtrate- from the man- 
■;^nese separation, which should not exceed 30 fi -350 ml., and 
add 1 0 - 1 5 ml. of hot 1 0 per cent, ammoniunf-oxhlate solu- 
tion. Then add sufficient ammonia (40 ml. of 1 + 1 ) to make 
the liquid quite alkaline. Allow the precipitated calcium 
oxalate to stand overnight. 

Filter through an 1 1 cm. Whatman No. 44 filter paper and 
collect the filtrate in a second 600 ml. beaker. Wash three 
times, by decantation, with hot water. Evaporate the filtrate 
to small bulk on the water bath. 

Dissolve the precipitated calcium oxalate by pouring 25 ml. 
and then 1 0 ml. of warm dilute hydrochloric acid (1 +4) on 
to the filter and collecting the filtrate in the beaker used for 
precipitation, washing down its sides. Then wash the filter 
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with two lots of hot 5 per cent, hydrochloric acid and finall y 
hot water alone. Add 2-3 ml. of saturated ammonium oxa- 
latesolution to the filtrate and raise to boiling. Precipitate bv 
adding ^ excess of dilute ammonia (1 + 1 ), allow to stand 
overnight, and filter through the same filter as used pre- 
viously. Collect the filtrate in the beaker containing the first 
nitrate, which by now has been concentrated nearly to dryness. 
Wash the beaker and filter well with hot water. Reserve the 
nitrate for the magnesium determination. 

Pierce the filter paper with a pointed glass rod, and wash 
the calcium oxalate into the beaker used for the precipitation 

I iien wash the filter paper alternately with warm dilute sul- 
phuric acid (1 +4), made just pink with potassium perman- 
^ate, and warm water until all the oxalic acid is in solution. 

^ three lots of the acid in all. Warm the solution to about 
70 C. and titrate with O' IN potassium permanganate, 
finally, add the filter paper, stir, and see that the pink colour 
IS i^ot discharged. 

- I ml. of 0- IN KMn 04 = 0-0028 g. CaO. 

'^(e) Magnesium Oxide, MgO: When the filtrate from the 
calaurn reprecipitation is quite cold, add 50 ml. of 95 per cent, 
dcohol and 30 ml. of 1 0 per cent, sodium phosphate solution. 
|#*ter a quarter of an hour add 30-50 ml. of concentrated 
’Ammonia and allow to stand overnight. Filter through an 

II cm. Whatman No. 44 filter paper, and wash two or three 
tiiMs with dilute ammonia (1 +9), discarding the filtrate. 

Then dissolve the precipitated magnesium ammonium 
phosphate by pouring 1 5 ml. and 1 0 ml. of warm dilute nitric 
acid (1+4) through the filter, collecting the filtrate in the 
beaker in which the precipitation was made. Wash the filter 
thoroughly with warm water. When cold, add a few drops 
of sodium phosphate solution, 25 ml. of alcohol, and 40—50 
ml. of ammonia to repredpitate the magnesium ammonium 
phosphate. Leave overnight and then filter through a 9 cm. 
Whatman No. 44 filter paper. Wash with dilute ammonia 
water (1 +9). Transfer the filter and precipitate to a weighed 
silica crucible, ignite in the muffle at a bright red heat, and 
weigh as Mg 2 P 207 . 

Weight of precipitate X 0-3621 = wt. of MgO. , 
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until dense white fumes have been produced for some time 
and the liquid just sets to a pasty crystalline mass when cold. 

When quite cold add 1 5 ml. of alcohol acidified with per- 
chloric acid (500 ml. of 95-96 per cent, alcohol + 5 ml. of 
20 per cent, perchloric acid). Break up all lumps with the 
. stirring rod and stir well, then allow to settle. When most 
of the crystals have settled (say after 15-30 minutes, or it 
may be left overnight, if covered to prevent evaporation), 
decant the clear liquid through a weighed Gooch crucible 
charged with asbestos. Then dry the contents of the dish for 
a few minutes on the water bath, take up in 10-15 ml. of 
water, add -I ml. of perchloric acid, and evaporate nearly to 
dryness on the water bath, so that the mass is just pasty when 
cold. When quite cold, add 1 0 ml. of the acidified alcohol, 
stir well to break up the crystals, and leave for a few minutes. 
Filter through the same Gooch crucible as used previously. 
Wash by decantation with 5 ml. of the acidified alcohol,{and 
drain the dish and crucible well to remove most of this before 
. add’ng the next wash liquid. Then transfer the potassium 
. p^ehlorate crystals from the dish to the crucible, using two 
lots of about 15 ml. each of 95 per cent, alcohol, which has 
been saturated with potassium perchlorate. 

A Wash with a further two lots of 15-20 ml. of this wash 
^Pquid and drain well. Dry the crucible at 1 40° C. for one hour 
in an air oven, cool in a desiccator, and weigh as KCIO 4 . 

KaO == weight of precipitate X O’ 3401. 

For correct results by the perchlorate method sulphates 
must be removed completely before; starting the perchlorate" ‘ 
separation. Precautions must also be taken to protect the acid 
solutions from am^mia fumes during evaporation. Ammonia 
is readily absorbecfand leads to erroneously high results as it 
is co-precipitated with the potassium perchlorate. 

(b) Phosphoric Acid, P 2 O 5 (Lorenz Method): Replace 
the filter paper, containing the residue after the extraction of 
the potash with hot water, in the original silica basin, and 
ignite to remove the filter papgp. Add 30 ml. of dilute 
hydrochloric acid (1 + 1 ), ana one drop of concentrated 
sulphuric acid. The latter is necessary to precipitate traces of 
barium. Cover with a clock glass, and digest on the sand 
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bath for 15-20 minutes. Remove ^c^nse the cover glass 
into the basin and evaporate the contends to dryness on the 
water bath. Continue the heating on the bath for a further 
half to one hour to render the silica insoluble. .Take up in 
2'5 ml. of concentrated nitric acid and 20-25 ml. of water, 
warm to dissolve all the soluble salts, and filter through a 
9 cm. Whatman No. 44 filter paper, collecting the hltrate in 
a tall 150 ml. beaker. Wash thoroughly with hot water, con- 
taining 25 ml. of nitric acid per litre, until the volume of the 
filtrate amounts to about 120 ml. Place the beaker on the^ 
water bath and evaporate the filtrate to dryness. Take up in 
30 ml. of the Acid Reagent II (see below). Heat the beaker 
to incipient boiling, remove from the flame and stir for a 
moment to avoid overheating of the sides of the beaker. With 
constant stirring add 30 ml. of Lorenz Reagent I. After 
standing for 2-5 minutes stir well for half a minute, and then 
place the beaker aside, out of direct sunlight, and allow to 
stand overnight. 

Before filtration add O' 02-0 *04 g. of Celite filter aid 5,03 
to the contents of the beaker and stir well. Connect aa un- 
weighed Gooch crucible (25 ml. capacity), fitted with a 1*8 
cm. circle of Whatman No. 42 or 44 filter paper, to a filter 
pump and moisten the filter paper. The filter paper must ju^t 
cover the holes but not touch the sides of the crucible. Po#' 
the solution and precipitate from the beaker into the crucible 
and rinse the beaker twice with 20-25 ml. portions of the 
ammonium nitrate reagent, using a wash bottle to rinse the 
precipitate into the crucible. Then clean the sides of the 
beaker with a rubbef^tipped stirring rod and rinse it into the 
crucible, using another two portions, each^ 20-25 ml. of the 
ammonium nitrate. Drain the crucibl^Pmpletely between 
each addition of the washing liquid. Finally wash three times 
with acetone, filling the crucible once and half-filling it twice, 
sucking dry between each addition. 

Wipe the outside of the crucible and place it in a vacuum 
desiccator, which must not contain any desiccating agent, eva- 
cuate to 100—200 mm. ancfeafter half an hour weigh. After 
weighing, dissolve the phosphomolybdate precipitate from the 
crucible by washing with dilute ammonia (1 + 20) and warm 
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water. This leaves the Celite filter aid. Wash three timpg 
with small amounts of acetone, again dry in a vacuum desicca- 
tor and weigh. The loss in weight corresponds to the yellow 
precipitate. 

P 2 O 5 = weight of this precipitate X 0 • 03295. 

When a soil contains less than 4 per cent, of calcium car- 
bonate, phosphoric acid can be determined directly in the 
hydrochloric acid extract. Evaporate 100 ml. of the extract 
on a water bath until the silica is rendered insoluble. Take up 
in 2-5 ml. of nitric acid and 20-25 ml. of water, filter and 
proceed from this stage exactly as in the previous method. If 
more than 4 per cent, of calcium carbonate is present the 
calcium sulphate produced by interaction with the sulphuric 
acid interferes with the determination, unless the amount of 
phosphoric acid is so high that a much smaller aliquot can be 
taken. 

The following reagents are required for the Lorenz 
method: 

Lormz Reagmt I (Sulfhate-Molybdic Dissolve 

100 g. of ammonium sulphate in 1 litre of nitric acid of S.G. 

1 *36 at 15 C. in a 2 -litre flask. Dissolve 300 g. of ammo- 
nium molybdate in hot water and transfer to a litre measuring 
|ask, cool the solution to about 20° C., and dilute to the mark. 
Mix well and pour this solution, in a thin stream, and with 
constant agitation, into the solution contained in the 2 -litre 
flask. Allow to stand for 48 hours at room temperature, then 
filter and store in a stoppered reagent bottle in a cool, dark 
place. If kept in a refri^rator the solution is stable indefi- 
nitely and does not deposit molybdic add. If kept for long 
periods at ordinarj^pmmer temperatures predpitation slowly 
occurs and the rea^ht may become too weak to give satisfac- 
tory results. 

^ Acid Reagent II. Add 56 ml. of concentrated sulphuric 
acid and 240 ml. of water to 1 litre of nitric acid of S.G. 1 ' 20 . 

Ammonh^ Nitrate Solution. Make up a 2 per cent, 
aqueous solution for washing. I|j,the solution is not acid to 
litmus, add a few drops of nitric'#id per litre. 

Acetone. This should be non-alkaline and free from 
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residue. The acetone washings are ke^, dehydrated wit! 
potassium c^bonate, decanted, acidified with a few drops o: 
sulphuric acid and redistilled. 
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CHAPTER IX 


EXCHANGEABLE IONS AND EXCHANGE 
CAPACITY 

The phenomenon of ionic exchange in soils is not restricted 
to cations 5 both cation exchange and anion exchange are now 
recognized. Cation exchange has been commonly called 
“Base exchange” by most workers in this field, although they 
have had a clear conception of the reaction as one involving 
cations and not bases. Gedroiz, in some of his later papers trans- 
lated by Waksman, frequently used the terms “cation” and 
‘^‘base” synonomously and referred to “the bases or cations 
entering into the exchange process” as “humic bases or cations” 
and “zeolitic bases or cations.” He also distinguished be- 
tween hydrogen and the other exchangeable ions as “exchange- 
able hydrogen” and “exchangeable metallic cations.” Now 
that anion exchange is coming into prominence, more attention 
has been focussed on this discrepancy in the terminology and, 
in the present work, the expression “Cation Exchange” is 
adopted in preference to “Base Exchange.” This involves a 
corresponding change in three other recognized expressions. 
The old phrases together with the expressions in the termin- 
ology adopted are as follows: 

Base exchange capacity Cation exchange capacity 

Total exchangeable tase.s Total exchangeable metal ions 
Percentage base saturation Percentage metal ion saturation 

CATION EXCHANGE 

As cationic exchange is a reversible reaction, complete re- 
placement can only be effected if the replaced ions are re- 
moved from the sphere of action. Equilibrium between the 
soil and the displacing solution is very rapidly established, 
even in the cold. Both the clay and humic fractions of a soil 
contribute to its exchange capacity. Weight for weight, the 
organic exchange complex possesses an exchange capacity 
several times that of the inorganic fraction. 



Dilute hydrochloric acid was used in one of Gedroiz^s origi- 

nal methods, but its use is not always permissible since, in some 
soils significant amounts of the exchange complex itself are 
destroyed. Neither can it be conveniently used for soils con- 
taining large quantities of calcium carbonate. To reduce the 
attack on the exchange complex, Williams (15) proposed the 
use of a weakly dissociated acid instead of hydrochloric acid 
and he leached soils with 0 • 5N acetic acid to replace the ex- 
changeable ions. Numerous soils have been encountered in 
which very incomplete replacement of the exchangeable ions 
has been obtained with this reagent, even when considerably 
larger volumes of leachate have been collected. Its use can 
only be recommended for sandy soils, low in adsorbed metal 
ions. 

Electrodialysis has been used to remove the exchangeable 
cations from soils and this method would appear to ofiFer many 
advantages, since the ions are obtained free from the large 
amounts of neutral salt or acid used in their replacement by 
other methods. However, owing to the difficulty in securing 
complete removal of the magnesium ion in many soils, this 
method is not suitable for quantitative work. 

for the determination of the individual cations, the best 
methods available at the present time involve leaching with 
concentrated salt solutions and are based on the original 
methods devised by Hissink (5) and Gedroiz (4). The de- 
terrnination of the exchangeable cations in soils of the humid 
regions, devoid of salts and calcium carbonate is straight- 
forward. In Hissink’s method the soil is leached with a 
normal solution of ammonium chloride and the individual 
ions, calcium, magnesium, sodium and potassium, are deter- 
mined in the leachate. The ammonium chloride used should 
be a high grade reagent so that the blank corrections, due to im- 
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Particular attention should 

be paid to Its freedom froili traces of sodium. Schollenbereer 
(13> proposed the use of a normal solution of ammonium 
ac^te, neutralized to pH 7, in place of ammonium chloride 
(pH about 4 • 6) as the replacing solution partly because, being 
more alkaline in reaction, it will displace hydrogen ions more 
completely in the determination of exchangeable hydrogen 
and exchange capaaty, and also because it is easily removed 
from the leachate, prior to the determination of the individual 
ions, simply by evaporation and gentle ignition. This second 
claim however, amounts to little in practice since ammonium 
chloride IS very conveniently removed and with even greater 
rapidity than ammonium acetate, by evaporation with nitric 
acid, lixtraction with normal ammonium acetate gives values 
in general very similar to, although slightly lower than, those 
obtained by the use of ammonium chloride. 

The determination of exchangeable ions in soils containing 
calcium carbonate is not so simple and straightforward. Am- 
monium chloride dissolves appreciable amounts of calcium 
carbonate so that the calcium in the leachate will represent the 
exchanpable calcium as well as some calcium derived from 
the carbonate dissolved. In Gedroiz’s method for carbonate 
soils, the amount of carbonate in the soil is determined before 
and after extraction and the amount of calcium found is cor- 
rected for an amount equivalent to the carbonate dissolved. 
It is assumed that the latter consisted entirelv of calcium car- 
bonate. Such a method, based on difference determinations, 
is not capable of great accuracy in the presence of much calcium 
carbonate, since the errors of all the determinations fall upon 
the value for exchangeable calcium. In Hissink’s method for 
the determination of the exchangeable cations in calcareous 
soils, magnesium, sodium and potassium are determined in the 
animonium chloride extract as usual. Another portion of the 
soil IS leached with normal sodium chloride, in which calcium 
carbonate is much less soluble, and two separate litres of 
leachate are collected. The whole of the exchangeable 
calcium IS replaced and contained in the first litre, together 
with calcium derived from the solution of calcium carbonate. 

1 he calcium in the second litre is derived from the solution 
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of calcium carbonate only and it is psumed to be equal in 
amount to that dissolved during the! preparation of the first 
litre of leachate. The difference between the amounts of 
calcium contained in the first and second litres thus represents 
the amount of exchangeable calcium. 

For the determination of calcium and magnesium in soils 
containing carbonates, alcoholic potassium chloride and aqueous 
and alcoholic barium chloride have been suggested at different 
times, since calcium carbonate is less soluble in these reagents 
than in sodium chloride. However, the values obtained are 
no better than those given by the sodium chloride method 
and, in the case of barium chloride, analytical difficulties, in 
the complete separation of barium from calcium, are intro- 
duced. 

In Williams’s method, carbonates and total calcium are 
determined in the same portion of soil, the former by libera- 
tion of carbon dioxide by acetic acid, in vacuo^ and the latter by 
continued leaching of the soil with more acetic acid. The 
difference between the total amount of calcium found and the 
amount equivalent to the carbonates present corresponds to 
the exchangeable calcium. It is assumed that no magnesium 
carbonate is present. The method is suitable for soils with 
small amounts of carbonates but, in strongly calcareous soils, 
the proportion of carbonate calcium to exchangeable calcium is 
such that the experimental errors of the determination would 
reduce the accuracy of the results. Moreover, as previously 
mentioned, extraction with acetic acid does not always remove 
I the whole of the exchangeable cations in heavy clay soils. 

Kelley (6) considers that the accurate determination of 
exchangeable calcium and magnesium in alkali soils is im- 
j possible by any known method, on account of the presence of 
; carbonates and silicates of calcium and magnesium in such soils. 
He determines the sum of exchangeable potassium and sodium 
by usual methods, and the total exchangeable metal ions, by an 
ammonia absorption method and regards the difference in these 
two values as exchangeable calcium and magnesium. No at- 
tempt is made to separate calcium from magnesium. 

The difficulties in the determination of exchangeable 
calcium and magnesium in carbonate soils are indeed great, 
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but it is considered th^t for many soils the most probable 
values can still be obtained by slight modifications of Hissink’s 
sodium chloride method' , as described on p. 170. By omitting 
the treatment with warm sodium chloride, the conditions of 
extraction of the first and second litres are made more strictly 
comparable, so that the amounts of carbonate dissolved in the 
two successive litres of leachate should be more nearly equal. 

The exchange reaction proceeds with rapidity, even in the ' 
cold, and practically the whole of the exchangeable ions are 
replaced in the first litre of leachate. Both calcium and mag- 
nesium are determined in each litre so that a correction for the 
magnesium, as well as the calcium, dissolved from the car- 
bonates present is obtained. This correction only holds, of 
course, if there is sufficient carbonate originally present in the 
soil, in a suitable physical condition, to saturate the two litres 
of extract equally. When only small amounts’ are present it 
is possible that more may be dissolved by the first litre than by 
the second, especially if the carbonate occurs in a nodular '' 
form. It is difficult to specify the minimum amount of car- 
bonate that should be present, since it depends partly on its 
state of subdivision, but all the conditions governing its rate •' 
of solubility should be as nearly alike as possible throughout ■; 
the whole leaching. In general, if there is less than 0‘3 pe r 
ce nt, of calcium carbonate ( 6 m. e. % ) in the soil, it is prefer- i 
able to make the extraction with normal ammonium chloride, • 
since this reagent will dissolve the whole of the carbonate 
when present in such small amounts. The value for exchange- 
able calcium is then obtained by subtracting the calcium present ^ 
as carbonate from the total calcium found. On account of 7 
the small amount of carbonate, the error due to the assump- 
tion that it is wholly calcium carbonate is not serious. For- 
soils with more than this amount of carbonate, the extraction I 
.should be made with sodium chloride, although some soils I 
with 0’3 to about 0‘8 per cent, of calcium carbonate may give i 
lower amounts than usual in solution in the second litre. If j 
more accurate values are required the sum of the exchangeable ] 

calcium and magnesium should be determined indirectly, by ^ 
an ammonia absorption method, such as that of Chapman and 
Kelley (3). 
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Further diiBculties in the determinal ion of the exchangeable 
cations occur when soluble salts are present in the soil. Many 
of the earlier investigators either removed the soluble salts by 
washing with water before extracting the exchangeable cations 
or made a separate determination of the water soluble cations, 
deducting the amounts found from the values obtained on 
leaching the soil with the replacing solution. Corrections 
made in either of these ways are open to objection, since 
hydrolysis and dispersion of the exchange complex occurs as 
the salts are removed. Finely divided material may pass 
through the filter paper and the permeability decreases so 
much, particularly in heavy clay soils, that it becomes very 
difficult, if not impossible, to complete the extraction. Gedroiz 
pointed out that, if gypsum is present, this preliminary leach- 
ing with water is likely to lead to changes in the exchangeable 
cations, owing to the replacement of other ions by calcium 
derived from the calcium sulphate. Presco tt sug gested le^ ch- 
ing with alcohol for the removal of soluble salts, since hydro- 
lysis and dispersion of the exchange complex does not occur 
in this medium. Chlorides are readily soluble in aqueous 
alcohol but sulphates are much less soluble. A preliminary' 
leaching with 40 per cent, alcohol is very effective in remov- ' 
ing salts when they consist largely of chlorides. If sulphates 
are present, Walkley removes soluble salts by extracting the 
soil with an equal weight of water before leaching with 40 per 
cent, alcohol. The preliminary leaching with water assists 
in the removal of greater amounts of sulphates than can be 
removed by leaching with alcohol alone. However, wheii sul- 
phates occur to any greater extent than can be removed by 
Walkley’s procedure, no satisfactory method can, at present, 
be recommended for the determination of the individual ions. 

If it is suspected that sulphates have not been completely 
removed before commencing the extraction of the exchange- 
able cations, the amount of sulphate remaining should be (de- 
termined, by precipitation as barium sulphate, in an aliquot of 
the ammonium chloride leachate. This determination will 
assess the maximum error, due to its incomplete removal. 

The analytical determination of calcium, magnesium, 
sodium and potassium in ammonium chloride extracts, and 
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calcium and magnpiumjin sodium chloride extracts is straight- 
forward and details of the methods recommended are eiven 
on pages 1 72 to 1 84. 

Ammonium chloride is easily removed by evaporation of an 
aliquot of the leachate to dryness, taking up in predetermined 
amounts of water and nitric acid and digesting, for a short time 
on a water bath. In this way the vigorous reaction can be con- 
t'^oUsd and the ammonium chloride is rapidly and completely 
destroyed, without loss of the other constitutents. A single 
evaporation removes ammonium salts almost completely, cer- 
tainly quite sufficient for the determination of calcium, mag- 
nesium and sodium. For the determination of potassium, 
however, it is essential to remove completely the last traces 
of ammonium. This evaporation with nitric acid also destroys 
^ most of the organic matter although ignition is necessary to 
'ensure the subsequent precipitation of iron and aluminium 
hydroxides. 



Before the determination of calcium and magnesium in 
^ the ammonium chloride extract of acid soils the small amounts 
^of iron and .aluminium present must be precipitated as 
, hydroxides. IVlanganese is also eliminated at the same time 
^ ; by carrying out the precipitation in the presence of ammonium 
^ persulphate. The filtrate is then made more strongly am- 
moniacal and calcium precipitated as oxalate. It is reprecipi- 
tated to secure complete separation from magnesia, and 

titrated with standard permanganate in the usual way. Mag- 
nesium is determined by precipitation and reprecipitation, 

.. either as magnesmm ammonium phosphate or magnesium 
hydroxyquinolate. The latter method is recommended. If 
this separation is used the excess of persulphate must first 
: I < . be destroyed, by the addition of sodium bisulphite, to pre- 
41® . ' vent decomposition of the hydroxyquinoline reagent, by oxi- 
^ dation. Magnesium hydroxyquinolate, when precipitated in 
, the presence of an excess of the reagent, adsorbs hydroxy- 
5 , !* quinoline, so leading to high results. This source of error is 

I eliminated if the precipitate is dissolved and reprecipitated 
' after the addition of a few drops only of the reagent. 

Iron, aluminium (and manganese except in traces) are 
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that the step involving their separation can be omitted in ex- 
tracts from such soils. Iron, aluminium and manganese are 
also absent in the sodium chloride extracts from carbonate 
soils. Calcium and magnesium are determined in the sodium 
chloride extract exactly as in the ammonium chloride extract, 
except that the first precipitations of each are made without 
removal of the sodium chloride. If soluble organic matter is 
present it is destroyed by acidifying and boiling with hydrogen 
peroxide before the precipitation of calcium. Failure to re- 
move organic matter leads to the discoloration of the calcium 
oxalate precipitate and high values for calcium. The trace of 
oxidizing substances, which remains after the use of hydro- 
gen peroxide, is destroyed by the addition of a few drops of 
sodium bisulphite solution, before the precipitation of mag- 
nesium as hydroxyquinolate. 

Sodium should always be determined by one of the uranyl 
acetate methods since the amounts present are usually so small 
that the older indirect methods are subject to too great an 
error. Kahane’s method, as modified (8), is recommended. 
It is particularly suitable for the accurate determination of 
such small amounts of sodium as are found in soil extracts. 
Sodium uranyl magnesium acetate contains only 1 ‘ S per cent, 
of sodium, so that quite small amounts of this element yield 
weighable amounts of precipitate. Calcium, magnesium, and 
the small amounts of iron, aluminium, manganese, ammonium 
and potassium present in the ammonium chloride extracts 
after evaporation with nitric acid do not interfere with the 
determination, which can therefore be carried out directly on 
this solution without any other preliminary separation. The 
sodium uranyl magnesium acetate is precipitated completely in 
30 minutes in the alcoholic solution used. If much exchange- 
able potassium is present the precipitate must not be left for 
more than 1—2 hours before iltration, otherwise a small 
amount of a potassium uranyl lagnesium acetate salt slowly 
separates and leads to slightly High values for sodium. Sul- 
phates only interfere with the method if both calcium and 
sulphate together are present in amounts greater than the 
amount of calcium sulphate which will remain in solution in 
the reagent. Phosphates interfere since uranyl phosphate is 
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insoluble under the conditions of precipitation and would coti 
taminate the precipitate. However, the amount of nhn<!nfi t~ 
present m an ammonium chloride extract is insuffidenUo SS 
the djermination. The small amounts of silica present S 
not aflPect the determination. It is coUected alonj with the 
sodium uranyl magnesium acetate precipitate and, ufterVv 
mg and weighing, the sodium salt is dissolved from the Gooch 
crucible by hot water, leaving the insoluble silica. The df 
crease in the weight of the crucible corresponds to the sodium 
m^nyl magnesium acetate. A blank determination mu^ 
always be carried out to correct for the trace of sodium present 
even in the best reagents. present, 

For the determination of potassium equally good results 
obtamed either by a modified cobaltiaitrite 
. ^ perchlorate method. On account of the small 

quantities of potassium usually present the volumetric 
>'Cobaltinitrite method is recommended. Potassium cobaltini- 

coirespond to the formula 
iv.x\aCo(!\p 2)6 usually quoted. The proportion of potas- 
sium to sodium is usually less than indicated by this f ormula 
and varms with the amount of potassium preset in the solu- ' 
on at the time of precipitation. As this variation is consistent, 
under standardipd conditions of precipitation, the amount of 
potassium can be determined with accuracy and Table 5 
(p. 1 80 ) shows the permanganate equivalent of the precipitate 
Tor all amounts of potassium between 0 and 1 8 mg The 
potassium cobaltinitrite precipitate should be washed’ either 
with a freshly prepared saturated aqueous solution of the salt 
(this solution is only stable for 2-3 hours) or with 35 per 
cent, alcohol. The precipitate is appreciably soluble in 10 per 
cent, acetic acid and in 2- 5 per cent, sodium sulphate, two 
solutions frequently recommended for washing. 

_ n hicheyer method is used for the determination of potas- 
sium, particular care must be taken to exclude traces of am- 
monium salts throughout the determination, because both am- 
momum cobaltinitrite and ammonium perchlorate are only 
slightly soluble and are easily co-precipitated with the corre- 
sponding potassium salt. During the evaporation of acid 
solutions appreciable amounts of ammonia may be absorbed, 
if this reagent is being used in the same laboratory. 
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After the addition of a small amount of a calcium salt to 
assist in the subsequent extraction of the potash, the bulk of 
the ammonium salts in the ammonium chloride extract is de- 
stroyed, by evaporation with nitric acid as usual, and the last 
traces removed by very careful ignition in a muiBe furnace at 
a temperature just below a dull red heat. This procedure 
eliminates the difficulties experienced by Milne and no loss of 
potassium occurs. 

From^ this stage the potassium determination must be car- 
ried out in a laboratory free from ammonia fumes. Ammonia 
must also be absent from the reagents used, since a blank 
determination does not correct fully for its presence. This 
applies to both the perchlorate and cobaltinitrite methods be- 
cause ammonium is readily co-precipitated with potassium. It 
is not, however, precipitated quantitatively j a greater propor- 
tion of the amount present is precipitated the greater the 
amount of potassium present in the determination. Thus a 
bigger proportion of the ammonium impurity is co-precipi- 
tated in an actual determination (in the presence of potas- 
sium) than in a blank determination. This was found par- 
ticularly to be the case in one series of analyses by the cobalti- 
nitrite method in which an unsuitable batch of cobalt nitrate 
reagent was used. Ammonia is a serious impurity in those 
grades of cobalt nitrate specially purified from traces of iron 
and nickel. Such reagent is not suitable for use in the cobalti- 
nitrite method. Ordinary C.P. quality cobalt nitrate is usually 
free from ammonia. 

In the determination of exchangeable manganese, precau- 
tions must be taken since this element occurs in soils as the 
bivalent exchangeable form and as higher oxides. The 
amounts of exchangeable manganese, except in strongly acid 
soils,, are usually quite_ small. However, the higher oxides 
are easily reduced to bivalent manganese under some condi- 
tions and this must be avoided in the determination of ex- 
changeable manganese. Ammonium chloride is not per- 
missible as the replacing agent, since soil organic matter can 
reduce considerable quantities of the active oxides of man- 
ganese at the reaction of this solution. Normal ammonium 
acetate, neutralized to pH 7, appears to be the most suitable 


1^4 SOIL and PLANT ANALYSIS 

extracting agent for the determination of exchangeable man- 
^nese. Manganese is determined colorimetrically, by oxida- 
tion with potassium periodate, after removal of the ammo- 
nium acetate. 

The amounts of each individual exchangeable cation are 
expressed in milliequivalents per 1 00 g. of soil. The sum of 
these amounts for calcium, magnesium, sodium and potass- 
sium represents the total exchangeable metal ions (Hissink’s 
S value). Besides expressing this value in milliequivalents 
per 100 g. of soil, the relative proportions which each of the 
four ions contribute to it are expressed on a percentage basis, 
so that Ca i- Mg + Na + K = 1 00. 

The determinations of exchangeable hydrogen and cation 
exchange capacity involve the definition of a fully saturated 
or neutralized soil. The considerable amount of work which 
has been done on the subject of cationic exchange in soils now 
gives us a clearer understanding of the mechanism involved in 
the reaction and helps in deducing a definition of exchangeable 
hydrogen and total cation exchange capacity more fundamen- 
tal than many of the conventional definitions previously ac- 
cepted. 

The exchange complex consists of weak insoluble polybasic 
acids, or “acidoids,” in which, in the unsaturated or fully 
acid condition, hydrogen ions are dissociated over the surface 
of large insoluble anions. In soils in the natural state these 
hydrogen ions are partly or wholly replaced by other cations. 
Both organic and inorganic acidoids occur in the exchange com- 
plex. Like all weak acids they are not fully neutralized (that 
is, their acidic hydrogen ions are not fully replaced by metallic 
cations) at the neutral point (pH 7), but only at some more 
alkaline reaction corresponding to their equivalence points. 
The practical determination of the equivalence point is beset 
with numerous difficulties on account of the indefinite and 
heterogeneous nature of the big molecules involved. Total 
cation exchange capacity is an expression of the total amount 
of exchangeable metallic cations present at the equivalence 
point, or point of complete neutralization. It is therefore 
equivalent to the total amount of acidic hydrogen present in 
these weak acids when fully unsaturated. The exchangeable 
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hydrogen present in any soil is thus defined as the amount of 
acidic hydrogen that must be replaced by metallic cations to 
bring the soil to the fully saturated condition. 

The concept of saturation was first introduced by Hissink 
but the exact reference point at which a soil is to be regarded 
as fully saturated with metallic cations has been very dif- 
ferently defined by diflPerent workers since that time. 
Hissink considered that a soil was not fully saturated until it 
was brought to equilibrium with a salt solution containing 
barium hydroxide, so neutralizing the absorption complex at 
a high pH value. Hissink’s method for determining total 
exchange capacity (Hissink’s T value) was based on this. 
Most American workers have adopted the neutral point 
(pH 7) as the reference point, bringing the soil into equili- 
brium with such solutions as ammonium acetate or barium 
acetate adjusted to this value. 

Bradfield and Allison ( I ) proposed that a fully saturated 
soil should be defined as one which has reached equilibrium 
with a surplus of calcium carbonate at the partial pressure of 
caibon dioxide existing in the atmosphere and at a tempera- 
tuie of 25 C. since, in soils of the humid regions, calcium is 
the most important exchangeable metallic cation. In such 
soils the pH value never rises naturally above pH 8-4, any 
metal ions present in excess of the amount necessary to neu- 
tralize the absorption complex to this value appearing as 
calcium carbonate. However, in soils of the arid and semi- 
arid regions, magnesium and sodium are important exchange- 
able ions and pH values above 8 '4 are common. Such soils 
would be more than 1 00 per cent, saturated according to Brad- 
field and Allison’s definition. 

From its definition, the exchange capacity of a soil will be 
greater the more alkaline the reference point selected. It 
would appear that there is a maximum value at about pH 9 
and that beyond this reaction exchange capacity decreases, 
owing to_a breakdown of the exchange complex. Although 
the chemical equivalence point is the only fundamental refer- 
ence point for the definition of a saturated soil, in the absence 
of any specific determination or definition of it, the natural 
point of equilibrium with calcium carbonate, proposed by 
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Bradfield and Allison, could well be considered the most 
logical reference point. In all determinations of total cation 
exchange capacity, or of exchangeable hydrogen, the refer- 
ence point shoulci be clearly indicated. 

The expression, exchangeable hydrogen, represents the 
acidic hydrogen present in the soil and is, by definition, related 
to the total exchangeable metal ions and total cation exchange 
capacity by the following expression: 

Exchangeable metal ions + Exchangeable hydrogen = Total 
cation exchange capacity. 


A determination of any two of these values thus gives the 
remaining value. Degree of saturation (the value 

originally proposed by Hissink) or percentage metal ion 
saturation then corresponds to: ■ 


The actual quantity of adsorbed metal ions (S) 
The total exchange capacity of the soil (T) 


X 100 


The most common methods used for the determination of 
total exchange capacity involve the leaching of the soil with a 
salt solution, adjusted to a suitable pH value, until all the 
ions (including the hydrogen ions) are replaced by the cation 
of the salt solution. The total amount of this cation adsorbed 
by the soil is then determined. Soluble salts originally 
present in the soil do not interfere with the determination. In 
Chapman and Kelley’s method (3) the soil is leached with 
neutral ammonium acetate, the excess of ammonium acetate 
removed by washing with methyl alcohol, and the amount of 
adsorbed ammonia determined by aerating the soil for 12 
hours with sodium carbonate. In many soils the small differ- 
ence between this value fnd that determined at pH 8-9 indi- 
cates that the equilibrium between the exchangeable hydrogen 
and the replacing ion in the salt solution differs very consider- 
ably from that in an aqueous suspension in the absence of 
excess salt. Owing to the large concentration of the displacing 
ion a greater proportion of the hydrogen ions in the soil is 
replaced by the ammonium ion and the value obtained for the 
exchange capacity of the soil would appear to correspond to a 
reference pH value higher than that of the salt solution used. 
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In Puri’s method (11) the soil is brought to equilibrium with 
a solution containing sodiunr hydroxide and sodium chloride 
and the sodium adsorbed is displaced by barium hydroxide and 

determined volumetrically as carbonate. 

For the detei-mination of exchangeable hydrogen several 
methods have been proposed. In one of Parker’s methods 
(7 ) the soil is titrated with barium hydroxide until a pH value 
of 7 is reached} in another method the exchangeable hydrogen 
is rejdaced by leaching with a solution of barium acetate, ad- 
justed to pH 7, and titrated electrometrically, in the leachate 
to the same pH. Methods, in which equilibrium is reached in 
a concentrated salt solution, are subject to the same criticism 
as that of the similar methods used for the determination of 
total exchange capacity, since the reference point apparently 
corresponds to a reaction value more alkaline than that of the 
salt solution used. In Bradfield and Allison’s residual car- 
bonate method ( 1 ) the soil is treated with a known amount of 
lime water and^ the excess is converted to carbonate and 
brought into equilibrium with the carbon dioxide of the atmo- 
sphere. The excess of calcium carbonate is determined} the 
difference between it and the amount of calcium added as 
hydroxide corresponds to the amount of exchangeable hydro- 
gen neutralized. Buffer solution methods, in which the amount 
of base absorbed by a soil in coming into equilibrium with a buf- 
fer solution of known pH, have been used by Schofield (12), 
Bradfield and Allison ( 1 ) and Piper (10). In these methods 
the amount of base absorbed is determined by titrating the 
buffer solution before and after shaking with the soil. The 
amount of base absorbed corresponds to the exchangeable 
hydrogen neutralized in coming to equilibrium at the pH of 
the buffer solution used. In the meta-nitrophenol method, 
described on p. 185, the determination is carried out with 
buffer solutions of two different values so that the results 
can be interpolated to a final pH value of 8 '4. Exchangeable 
hydrogen determined by this method agrees with that defined 
by Bradfield and Allison. 

_ Instead of determining the total exchangeable metal ions 
T?TMn — total may be determined, as in Bray and 
wiJlhite’s method (2) in which the exchangeable ions are dis- 
placed as acetates by leaching with ammonium acetate. On 
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Bradfield and Allison, could well be considered the most 
logical reference point. In all determinations of total cation 
exchange capacity, or of exchangeable hydrogen, the refer- 
ence point should be clearly indicated. 

The expression, exchangeable hydrogen, represents the 
acidic hydrogen present in the soil and is, by definition, related 
to the total exchangeable metal ions and total cation exchange 
capacity by the following expression: 

Exchangeable metal ions + Exchangeable hydrogen = Total 
cation exchange capacity. 

A determination of any two of these values thus gives the 

remaining value. Degree of saturation (the value ^ » 

originally proposed by Hissink) or percentage metal ion 
saturation then corresponds to: ■ 

The ac tu al quantity of adsorbed metal ions (S) ^ jqq 
T he total exchange capacity of the soil (T) 


The most common methods used for the determination of 
total exchange capacity involve the leaching of the soil with a 
salt solution, adjusted to a suitable pH value, until all the 
ions (including the hydrogen ions) are replaced by the cation 
of the salt solution. The total amoimt of this cation adsorbed 
by the soil is then determined. Soluble salts originally 
present in the soil do not interfere with the determination. In 
Chapman and Kelley’s method (3) the soil is leached with 
neutral ammonium acetate, the excess of ammonium acetate 
removed by washing with methyl alcohol, and the amount of 
adsorbed ammonia determined by aerating the soil for 1 2 
hours with sodium carbonate. In many soils the small differ- 
ence between this value and that determined at pH 8—9 indi- 
cates that the equilibrium between the exchangeable hydrogen 
and the replacing ion in the salt solution differs very consider- 
ably from that in an aqueous suspension in the absence of 
excess salt. Owing to the large concentration of the displacing 
ion a greater proportion of the hydrogen ions in the soil is 
replaced by the ammonium ion and the value obtained for the 
exchange capacity of the soil would appear to correspond to a 

than that of the salt solution used. 
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In Puri s method (11) the soil is brought to equilibrium with 
a solution containing sodium hydroxide and sodium chloride 
and the sodium adsorbed is displaced by barium hydroxide and 
determined volumetrically as carbonate. 

For the determination of exchangeable hydrogen several 
methods have been proposed. In ojie of Parker’s methods 
( 7 ) the soil is titrated with barium hydroxide until a pH value 
pf "7 is reached j in another method the exchangeable hydrogen 
is replaced by leaching with a solution of barium acetate, ad- 
justed to pH 7, and titrated electrometrically, in the leachate 
to the same pH. Methods, in which equilibrium is reached in 
a concentrated salt solution, are subject to the same criticism 
as that of the similar methods used for the determination of 
total exchange capacity, since the reference point apparently 
corresponds to a reaction value more alkaline than that of the 
salt solution used. In Bradfield and Allison’s residual car- 
bonate method ( 1 ) the soil is treated with a known amount of 
lime water and the excess is converted to carbonate and 
brought into equilibrium with the carbon dioxide of the atmo- 
sphere. The excess of calcium carbonate is determined; the 
difference between it and the amount of calcium added as 
hydroxide corresponds to the amount of exchangeable hydro- 
gen neutralized. Buffer solution methods, in which the amount 
of base absorbed by a soil in coming into equilibrium with a buf- 
fer solution of known pH, have been used by Schofield (12), 
Bradfield and Allison ( 1 ) and Piper (10). In these methods 
the amount of base absorbed is determined by titrating the 
buffer solution before and after shaking with the soil. The 
amount of base absorbed corresponds to the exchangeable 
hydrogen neutralized in coming to equilibrium at the pH of 
the buffer solution used. In the meta-nitrophenol method, 
described on p. 185, the determination is • carried out with 
buffer solutions of two different values so that the results 
can be interpolated to a final pH value of 8 - 4. Exchangeable 
hydrogen determined by this method agrees with that defined 
by Bradfield and Allison. 

Instead of determining the total exchangeable metal ions 
inclividually, their total may be determined, as in Bray and 
Willhite’s method (2) in which the exchangeable ions are dis- 
placed as acetates by leaching with ammonium acetate. On 
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evaporation and ignition the excess o£ ammonium acetate is 
destroyed and the metal acetates are converted to carbonates 
or oxides, which are determined by dissolving them in stan- 
dard hydrochloric acid and titrating the excess of acid. The 
presence of soluble salts in the soil does not interfere with this 
determination. In Parker’s method (7) total exchangeable 
cations are determined by replacing them by leaching the soil 
with barium chloride. The amount of adsorbed barium is 
then determined, by leaching with ammonium chloride, pre- 
sumably after the removal of the excess of barium chloride 
with alcohol. The amount of adsorbed barium is corrected, 
by titration of the barium chloride leachate, for any ex- 
changeable hydrogen displaced, and this corrected value is 
then equivalent to the total exchangeable cations. Parker’s 
method is satisfactory for acid soils but a practically similar 
method proposed by de’Sigmond and Iyengar (14) for soils 
containing calcium carbonate and gypsum gives erroneous 
values in the presence of calcium carbonate. Barium chloride 
reacts with calcium carbonate giving some barium carbonate 
and this is partly dissolved in the subsequent leaching with the 
“ammonium salt. Barium from this source is thus included 
with the exchangeable barium. 

Schofield has suggested a rapid naethod for the determina- 
tion of total exchangeable cations. A small amount of soil is 
shaken with 0 * 05N hydrochloric acid and the residual acidity 
determined by titration. This method, described on p. 1 89, 
gives approximate results for the amount of metal ions present 
in acid soils or in soils with less than about 1 per cent, of 
calcium carbonate. The result, however, depends upon the 
proportion of soil to acid and the main value of this method 
is exploratory, in selecting soils for the determination of the 
individual exchangeableiltations. 

The Determination of Exchangeable Cations. 

A, Preparation of the Soil Extract. 

( 1 ) REMOVAL OF SOLUBLE SALTS. 

Reagents: 

40 % Alcohol. Add 1,200 ml. of water to 1 litre of 
absolute or 96 per cent, alcohol. 


If 
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Method: 

When soluble salts are present weigh the appropriate 
amount of soil for the subsequent ammonium chloride or 
sodium chloride extraction and transfer it to a 400 ml. beaker. 
Add 100 ml. of 40 per cent, alcohol and allow to stand for 
half an hour with occasional stirring. Filter through a 9 cm. 
Buchner funnel fitted with a Whatman No. 50 filter paper 
f. and wash with several further 50 ml. portions of the same 

I alcohol until the filtrate is chlorine freej 3-5 such washings 

^ are usually sufficient. Finally wash with 50 ml. of absolute 

i alcohol to dry the soil and assist in its easy removal from the 

^ funnel. Return the soil to the beaker, washing the funnel 

' and filter paper into the beaker. This washing is done with 

water if the soil is to be subsequently extracted with ammonium 
chloride, the volume being restricted to about 1 25 ml. The 
j ammonium chloride extraction is then continued as described 
below. If the soil is to be used for a sodium chloride extrac- 
, tion, then this washing is performed with N sodium chloride, 

I 200 ml. being used in all and the determination continued as 
I usual. 

j: When appreciable amounts of soluble sulphates are present,' 

I weigh out the appropriate amount of soil and transfer it to a 
I 400 ml. beaker as before. Add an equal weight of water, stir 

I well and leave for half an hour. Then filter through a 9 cm. 

i Buchner funnel, drain thoroughly and continue the washing 

I with several portions of 40 per cent, alcohol exactly as de- 
f scribed in the previous paragraph. 

I (2) LEACHING WITH NORMAL AMMONIUM CHLORIDE 

I SOLUTION. (Procedure to be used for all soils in which 

.f calcium ca/rbonate is absent or less than 0’3 fer cent., and for 

I the determination of exchangeable fotassium and sodium in 

\ calcareous soils.) ' 4 

I Reagents: 

f 2N Ammonium Chloride. Make a solution of ammo- 

nium chloride containing 1 07 g. in each litre. The ammonium 
chloride used should be a high grade reagent and should con- 
tain less than O’ 002 per cent, residue on ignition at a low 
,f , temperature. 





ii 
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N Ammonium Chloride. Dilute the above solution with 
an equal volume of water. 

Method: 

Fifty g. of soil are to be used when more than 20-25 m.e. 
% of exchangeable bases are present and 100 g. when the 
amount is less than 1 0 m.e. %. Schofield’s rapid 0 • 05N hyd- 
rochloric acid method (p. 189) is very useful in obtaining ap- 
proximations of the amount of exchangeable cations present. 

Transfer 50-100 g. of soil (depending on the texture of 
the soil and the probable amount of the exchangeable cations 
present) to a 400 ml. beaker, add 125 ml. of water and allow 
to stand for a short time to disperse. Stir well and add an 
equal volume of 2N ammonium chloride. Place in a water 
bath at 70° C. and leave there for one hour, stirring at inter- 
vals. Remove from the bath and allow to stand overnight. 
Then decant through an 18‘5 cm. Whatman No. 44 filter 
paper and transfer the soil quantitatively to the filter using a 
jet of N ammonium chloride solution. Collect the filtrate in 
a litre measuring flask. Continue to leach the soil with small 
quantities (about 50-60 ml.) of N ammonium chloride solu- 
tion, allowing the filter to drain completely between each 
addition, until nearly one litre of filtrate has been collected. 
Add 2 ml. of formalin (A.R.) to the filtrate (to prevent 
mould growth) and adjust to the litre mark. Use this filtrate 
for the determination of the individual cations. If it is not 
quite clear refilter it, without dilution, through a 9 cm. What- 
man No. 50 filter paper. 

■^3) LEACHING WITH NORMAL SODIUM CHLORIDE SOLUTION. 

(Procedure for the determination of exchangeable calcium 
and magnesium in calcareous soils.) 

Reagents: < ^ 

• , N Sodium Chloride. Dissolve 58'5 g. of sodium chlo- 
ride for each litre of solution required. 

Method: 

Transfer 30 g. of the soil to a 400 ml. beaker, add 200 
ml. of H kidium chloride, stir well at intervals and allow to 
stand overnight at room temperature. Then filter through a 
1 5 cm. Whatman Ifc, 44 filter paper, collecting the filtrate in 
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a litre volumetric flask. Continue the leaching, by the re- 
peated addition of snaall amounts (about 50 ml.) of N sodium 
chloride, allowing the filter to drain completely each time. 
When one litre of filtrate has been collected, change the flask 
and continue the leaching until a second litre has been col- 
lected. If these filtrates are not quite clear, refilter through 
9 cm. Whatman No. 50 filter papers. 

Determine calcium and magnesium in aliquots of each solu- 
tion, as detailed below. The differences in the amounts found 
in the first and second litres of extract correspond to exchange- 
able calcium and magnesium. 

(4) LEACHING WITH NORMAL AMMONIUM ACETATE AT pH 7. • 

(Procedure for the determination of exchangeable manganese^ 
total exchangeable metal cations and total exchange cafacity.) 

Reagents: 

N Ammonium Acetate. Prepare a 2N solution of 
acetic acid and a 2N solution of ammonia, standardizing each 
by tenfold dilution of a small portion and titration against 
OTN alkali or acid using methyl red as the indicator. Mix 
equal volumes c the two solutions} if accurately prepared the 
ammonium acetate will have a pH of 7*0. Check this either 
colorimetrically, in a comparator using brom thymol blue as 
indicator, or preferably electrometrically, using the glass or 
quinhydrone electrode. If the solution is not close to pH 7 '0 
add a little more 2N acid or ammonia until the desired pH is 
obtained. The solution does not have to be exactly normal 
but its pH must be 7 vO. [Note, 2N acetic acid (approx.) = 
576 ml. of glacial acetic acid (S.G. 1 ' 052) diluted to 5 litres. 
2N ammonia (approx.) = 540 ml. of concentrated ammonia 
(S.G. 0- 88), or 750 ml. of S.G. 0-91, diluted to 5 litres.] 

Method: 

Transfer 25-100 g. of soil to a 400 ml. beaker, add 
250 ml. of N ammonium acetate solution, stir well and allow 
to stand overnight, at room temperature. Then filter through 
a 1 5 or 1 8 * 5 cm. Whatman No. 44 filter paper and leach with 
further portidjns of ammonium acetate solution, exactly as 
described in thje procedure for the preparation of the ammo- 
nium chloride pxtract. 


'•H i 
>1 * 
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|| Remoml of Iron^ Aluminium mi Mmgmese, 

■ ' ‘ ^ Add 5 ml. of an 8 per cent, ammonium persulphate solu- 
■' tion, heat to boiling and add 8-10 ml. of dilute ammonia 
(1 +4) to give a slight excess. Filter while hot through a 
7 cm. Whatman No. 4-1 filter paper. Use a larger filter paper 
if much predpi^ife is obtained. Collect the filtrate in a 250 


SOIL AN0 PLANT ANALYSIS 


B. The Analysis of the Ammonium Chloride Extract for Cal- 
cium, Magnesium, Sodium and Potassium. 

(1) GENERAL METHOD FOR THE REMOVAL OF AMMONIUM 
CHLORIDE. 

Pipette an aliquot of the ammonium chloride extract into a 
silica basin (or pyrex basin when it is not necessary to ignite 
the residue) and evaporate to dryness on the water bath. 
When completely dry turn off the bath and allow to cool for 
5-1 0 minutes. Then add 3 A ml. of water and 5 ml. of con- 
centrated nitric acid for each 50 ml. of extract originally 
taken. Since the proportion of water to acid is an important 
factor in controlling the rate of decomposition it may be more 
convenient to mix these beforehand and add 8-9 ml. of the 
dilute acid per 50 ml. of extract. Cover with a clock glass 
and allow the decomposition to proceed. Under these condi- 
tions the reaction proceeds quite smoothly and no loss occurs. 

If it shows signs of becoming too vigorous add a small amount 
of water to the basin j if too much water is added the reaction 
becomes unduly prolonged. After a time (5—10 minutes) 
slowly raise the bath to boiling. When the decomposition is 
complete, rinse the clock glass and remove it from the basin. • 
Continue the evaporation to dryness. 


» (2) DETERMINATION OF CALCIUM AND MAGNESIUM. 

Pipette duplicate portions, each of 1 5 0 ml., of the ammo- 
nium chloride extract into 200 ml. silica basins and destroy 
the ammonium salts as above. When this operation is com- 
• pleted remove each basin from the water bath and ignite for 
5-10 minutes in a muffle at a very dull red heat (red just 
perceptible in the darkened muffle) . When cool add 4 ml. of 
concentrated hydrochloric acid and 1 5 ml. of water, warm on 
a water bath until solution is complete and transfer to a 150 
ml. tall shaped beaker, washing the basin with hot water. 
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ml . squat shaped beaker, and wash the filter and precipitate 
several times with hot water. The precipitate consists of 
ferric and aluminium hydroxides and hydrated manganese 
dioxide. 

Cdcimn^ 

Add 10 ml. of concentrated ammonia to the filtrate after 
separating the iron, aluminium, and manganese as above; heat 
to boiling and add 10 ml. of hot 10 per cent, ammonium 
oxalate solution to precipitate the calcium. Continue the 
heating for about a minute after the formation of the pre- 
cipitate; then allow to stand overnight. Filter through a 9 
cm. Whatman No. 44 filter paper and wash twice with hot 
water, collecting the filtrate in a 400 ml. beaker. 

Dissolve the precipitated calcium oxalate by adding four 
lotSj.each of 5 ml., of hot dilute hydrochloric acid (1 4- 4) to 
the filter, by means of a dip pipette, and collect the filtrate in 
the beaker in which the precipitation was made. Wash well 
with hot water. Add 2 ml. of 2 per cent, ammonium oxalate, 
heat to boiling and reprecipitate by the addition of 20 ml. of 
dilute ammonia (1+1). Keep just boiling for about a 
minute, as before, until the precipitate becomes granular. 
Cover and allow to stand overnight. Filter through the filter 
paper previously used, and collect the filtrate and the first two 
washings in the 400 ml. beaker containing the filtrate from 
the first precipitation. Reserve this for the magnesium de- 
termination. 

Complete the washing of the precipitate with further por- 
tions of hot water until chlorine free. When this washing has 
been completed discard the filtrate, replace the 250 ml. beaker 
in which the precipitation was made, pierce the filter paper 
with a pointed glass rod and wash as much as possible of the 
precipitate from the filter, using a jet of hot water. Then 
wash the filter paper alternately with warm dilute sulphuric 
acid (1 +4), made just pink with two or three drops of stan- 
dard potassium permanganate per 200 ml., and warm water 
until all the oxalic acid is removed. Three portions of the 
acid, each about 1 5 ml., should be used. Then warm the con- 
tents of the beaker to about 75° C. and titrate with 0'05N 
potassium permanganate. 


:: " ,41 ^ 
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Since 1 ml. of 0‘05N permanganate corresponds to 0*05 
milligram equivalents of calcium, calculate the amount of 
exchangeable calcium in the original soil, expressed in m.e. % 
by multiplying the volume of permanganate used by one of 
the factors given below. Deduct any calcium, present as car- 
bonate, from this value. 


Soil extracted. 

150 ml. extract 
ex 1 litre. 

200 ml. extract 
ex 1 litre. 

■ J 

400 ml. extract 
ex ! litre. 

30 g. 

— 



SOg. 

0-666.. 

0-500 

— ■ 

66 • 66 g. 

0*500 

0*375 

■ — ' '' 

100 g. 

0-333 

0*250 

■ — ■ , , 


Magnesium: 8 -Hydroxy qumoline Methods 

To the filtrate from the calcium precipitation add 10 ml. 
of a 5 per cent, solution of sodium metabisulphite to reduce 
the ammonium persulphate and so prevent oxidation of the 
hydroxyquinoline reagent. Heat to about 80° C. and add 
a small excess of a solution of 8-hydroxyquinoline (3 per cent, 
hydroxyquinoline in 1 0 per cent, acetic acid) to the hot solu- 
tion. In general 5 ml. will be sufficient to precipitate all the 
magnesium present in the extracts of ordinary soils and 1 0 ml. 
that in heavy subsoil extracts. A large excess of hydroxy- 
quinoline must be avoided since it is only slightly soluble in 
alkaline solution. Stir well and add an additional 5 ml. of 
concentrated ammonia. An excess of hydroxyquinoline is 
denoted by the yellow colour of the solution after the precipi- 
tate has formed. Allow to stand until cool (or overnight). 
Filter through a 9 cm. Whatman No. 41 filter paper and wash 
3 times with dilute ammonia (1 + 20) rejecting the filtrate. 
Dissolve the precipitate in 3 lots, each of 5 ml. of warm dilute 
hydrochloric acid (1+5) and wash the filter paper com- 
pletely with hot water, collecting the filtrate in the original 
beaker in which the precipitation was made. Add 5 drops of 
the hydroxyquinoline reagent, heat to about 80° C. and repre- 
cipitate by the addition of 25 ml. of dilute ammonia (1 + 1 j. 
Stir well and allow to stand for 2 hours. Filter through a 
Gooch crucible fitted with a circle of Whatman No. 42 ffiter 
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paper, or a sintered glass crucible, wash well with dilute 
ammonia (1 + 20) and drj.^ overnight at a temperature not 
exceeding 105 C. Cool in a desiccator and weigh as 

To obtain the amount of exchange- 
able magnesium, expressed in m.e. %, multiply the weight of 
precipitate by the appropriate factor in the following table: 


Soil extracted. 

1 50 ml. extract 
ex I litre. 

200 ml. extract 
ex 1 litre. 

400 ml. extract 
ex 1 litre. 

30 g. 

— 



47-8 

50 g. 

76-5 

57-4 


66-66g. 

57*4- 

43 • 1 



100 g. 

38*3 

28-7 

— 


Magnesium: Phosfhate Method. 

To the filtrate from the calcium precipitation add 
5 ml. of 10 per cent, solution of sodium phosphate 
(Na 2 HP 04 . 12 H 20 ) or, if the soil is likely to be rich in 
magnesium, add 1 0 ml. Stir well and add'25 ml. of concen- 
trated ammonia to complete the precipitation. Cover the 
beaker and allow to stand overnight. Filter through a 9 cm. 
Whatman No. 44 filter paper and wash twice with dilute am- 
monia (1 +9). Place the beaker in which the precipitation 
was made under the funnel anci dissolve the precipitate with 
2-3 lots, each of 5 ml., of warm 'dilute nitric acid (1+4) and 
wash repeatedly with hot water. Add a few drops of the 
sodium phosphate reagent to the filtrate and, when quite cold, 
reprecipitate the magnesium ammonium phosphate by the 
careful addition of ammonia, making the solution just alkaline 
at first, and after 30 minutes adding an excess, 25 ml. being 
added in all. Again allow to stand overnight and filter 
through the filter paper previously used. Transfer the pre- 
cipitate from the beaker and wash several times with dilute 
ammonia (1 +9). Ignite the filter and precipitate until a 
white residue is obtained, cool in a desiccator and weigh as 
MgeP^Or. 

To obtain the amount of exchangeable magnesium, ex- 
pressed in m.e. %, multiply the weight of precipitate by the 
appropriate factor in the following table: 
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Soil extracted. 

1 50 ml. extract 
ex 1 litre. 

200 ml. extract 
ex 1 litre. 

; „ 400 ml. extract 
!' ex 1 litre. 

30 g. 



— 

149*6 

SOg. 

239-4 

179-5 


66 • 66 g. 

179*5 

134-7 

, 

100 g. 

119*7 

|9-8 




(3) DETERMINATION OF SODIUM: KAHANE^S METHOD (MODI- 
FIED). 

Reagents: 

Uranyl Magnesium Acetate Solution. 

Uranyl acetate, crystals, sodium-free 32 g. 

Magnesium acetate, crystals, sodium-free . . .. 100 g. 

Acetic acid glacial 20 ml. 

Absolute alcohol 453 ml. 

(or 500 ml. of 90 % rectified spirit) 

Water sufficient to dilute to 1,000 ml. 

Dissolve the uranyl acetate and magnesium acetate in water 
by warming, add the acetic acid and alcohol, cool and dilute 
to 1 litre. Leave in a cool dark place for 1-2 days and then 
filter off the precipitate of sodium from the reagents. Store 
in a pyrex bottle to prevent absorption of sodium from ordi- 
nary glass. The reagent is sensitive to direct sunlight but, if 
kept in the dark, it is stable for several years. Only reagents 
practically sodium-free should be used in making the above 
solution as if much sodium precipitate is formed the reagent is 
significantly weakened and is liable to yield low results. 

Alcohol saturated with Sodium Uranyl Magnesium Ace- 
tate. Shake up some 96 per cent, alcohol with a few grams of 
precipitated sodium uranyl magnesium acetate in a stoppered 
bottle and leave for 24 hours. Filter the nearly clear super- 
natant liquid through a Whatman No. 44 filter paper and 
store in a second bottle with a further supply of the crystalline 
triple salt. This gives a stock supply of alcohol saturated 
with the sodium salt and after filtration it is always ready for 
use as the washing solution. Always add fresh additions of 
alcohol to the first bottle and leave for 24 hours or longer 
before transferring to the second bottle. Some impurity. 



monium chloride by evaporation with nitric acid as previously 
described. The amount of extract taken must not contain 
more than 5 mg. of sodium otherwise precipitation is incom- 
plete unless more than 15 ml. of uranyl magnesium acetate 
reagent are used. 

When the residue from the nitric acid evaporation has been 
evaporated to dryness, remove the basin from the water bath 
and allow to cool. Take up in 6 ml. of cold water. It is not 
necessary to filter this extract unless it is very turbid, since a 
small amount of turbidity does not interfere and is corrected 
for later. If filtration is necessary, wash well and re-evaporate 
the filtrate to dryness in a 1 00 ml. pyrex glass basin and take 
up again in 6 ml. of cold water. Add 1 5 ml. of uranyl mag- 
nesium acetate reagent to the contents of the basin and stir for 
a quarter of a minute or until a precipitate forms. Cover, and 
allow to stand for 30 minutes but not longer than two hours. 
Prolonged standing leads to the precipitation of small 
amounts of a potassium salt when much exchangeable potas- 
sium is present. Filter through a small Gooch crucible charged 
with asbestos. Wash the precipitate of sodium uranyl mag- 
nesium acetate twice with 2 ml. portions of the reagent and 
then 5 times with % per cent, alcohol saturated with the triple 
salt, transferring the precipitate quantitatively to the Gooch 
crucible. Then diy the crudble in an oven at 105° C. for 
-"••ot more than one hour, cool a desiccator, and weigh as 
fa(U02)3Mg(CI^C00)9.8Hs!'C^l:* After weighing wash the 
ucible with several portions of hot water and dry again. This 
|cond weight gives the weight of the crucible plus any in- 
luble residue that was not removed before the sodium pre- 
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cipitation, and the difference corresponds to the sodium uranyl 
magnesium acetate. 

Carry out a blank determination on all the reagents used. 

As an alternative to oven-drying, ether may be used. In this 
^ case, wash the crucible, or crucible and precipitate, three times 
with ether, wipe dry on the outside and allow to stand near 
the balance for 1 5 minutes before weighing. 

To obtain the amount of exchangeable sodium, expressed in 
m.e. %, multiply the weight of precipitate by the appropriate 
factor below, after making the necessary correction for the 
blank. 


Soil extracted* 

■ 25 ml, 
extract 
ex 1 litre. 

.35 -ml. 
extract 
ex 2 litre. 

■ 50 ml.,, 

■ extract' 
ex 1 litre. 

■ '75 ml. ,■ 

. : extract . ' 
ex 1 litre. 

100 ml 
... extract . 
ex 1 litre. 

50 g. 

52-2 ■ 

37*3 

26-1 

.. 17*4 

13*04 

66*66g. ^ 

39*1 

27*9 

19*6 

13*0., * 

... 9*78 ■ 

100 g* 

26*1 

18*6 

13*0 ' 

8*7 

6*52 ' 


(4) DETERMINATION OF POTASSIUM. 

■ n . Cobaltifdtrite Method, 

Reagents: • 

Sodium Nitrite. Dissolve350g. of sodium nitrite (potas- 
sium-free) in water and dilute to 1 litre. 

Cobalt Nitrate. Dissolve 200 g. of cobalt nitrate (potas- 
sium- and ammonium-free) in water and dilute to 1 litre. 
Cobalt nitrate specially purified from nickel and iron is not 
suitable since this grade usually contains ammonium. 

Saturated Sodium Chloride Solution. Dissolve 350 g. of 
sodium chloride in 1 litre bf warm water, filter and cool. 

55 % Alcohol. Dilute 420 ml. of absolute alcohol with 
600 ml. of water. 

O'OSN Potassium Permanganate. See p. 124. 

O'OSN Oxalic Acid. See p. 1 24. 

Method: 

Pipette 100-150 mL of the ammonium chloride 
into a 2D0 ml. silica basiri'^4j if the soil is non-calc 
add 3-5 ml. of a 4 per cent.’ Elution of calcium chloride 
stroy ammonium chloride as usual by evaporation witl, 
acid and then ignite for 7-tO minutes in a muffle at a ten 
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tiire just below a very dull red heat, to remove the last traces 
of ammonium salts. F rom this stage until after the precipitate 
of cobaltinitrite has been filtered, carry out all operations in a 
room free from ammonia fumes, since traces of ammonia are 
readily absorbed, especially during the evaporation of the 
acidified solution. 

After ignition take up in 15 ml. of hot water and filter 
through a 7 cm. Whatman No. 44- filter paper, collecting the 
filtrate in a 1 00 ml. pyrex basin. Break up any lumps remain- 
ing in the silica basin and continue the washing, warming the 
basin, until all soluble salts have been extracted. Add 6 drops 
of concentrated hydrochloric acid to the filtrate and evaporate 
to dryness on the water bath. 

When cold take up the evaporated residue in 1 '5 ml. of 
glacial acetic acid and 1 0 ml. of saturated sodium chloride solu- 
tion, added in that order. Stir and after 3-4 minutes add 5 ml. 
of 35 per cent, sodium nitrite, stirring again. When solution 
is complete, say after 5-1 0 minutes, but not longer, add 5 ml. 
of 20 per cent, cobalt nitrate from a dipping pipette with an 
enlarged aperture. This addition must be made rapidly 
(taking not more than 2-3 seconds) and with constant stirring, 
since the desired composition of the precipitate formed de- 
pends on the rapid addition of precipitant. Stir for 40-60 
seconds, cover, and allow to stand overnight in a cool place. 

Filter through a small Gooch crucible charged with asbestos. 
The asbestos used should be previously digested with acidified 
permanganate followed by an excess of oxalic acid and then 
washed thoroughly with water. Thi^ asbestos can be used re- 
peatedly. Transfer the precipitate to the crucible and wash, 
four times in all, with 8—10 ml. portions of 35 per cent, 
alcohol. Finally wash the sides of the crucible with thie very 
small lots (about 2 ml. each) of cold water to remove the 
alcohol. 

Pipette a suitable amount of 0 ‘ 05N potassium permangan- 
ate into a 400 ml. beaker, dilute to about 150 ml. and add 5 
ml. of concentrated sulphuric add. Then add the crucible and 
precipitate to this acidified permanganate, stir to keep the pre- 
cipitate beneath the surface of the liquid and warm gently. If 
the colour appears likely to be discharged remove the beaker 
from the flame, and add a further measured amount of stan- 




dard peritianganate to ensure an excess, neat neariy to uou 

ine remove and rinse the crucible and continue heating to 
boiling. Remove from the flame and after a few minutes add 
a small excess of 0 ' 05N oxalic acid. Warm until all oxides of 
manganese have been dissolved and titrate the excess of oxalic 
acid with the standard permanganate. The diflFerence between 
the amounts of permanganate and oxalic acid^ expressed in ml. 
of 0 ■ 05N solution corresponds to the amount of permanganate 
reduced by the cobaltinitrite precipitate. From this titration 
value the amount of K2O present can be calculated since 
K2O (in mg.) == O’ 354 X volume of 0’05N KMn04 
+ O’ 00034 X (volume of O’OSN KMn04)^ 
or it may be calculated more conveniently by using the simpli- 
fied formula 

K2O (in mg.) = volume of 0’05N KMn04 X (O’ 354 
-f 0’ 00034 X volume of 0’05N K]VIn04). 

Values for the latter factor (O’ 354 + 0’ 00034 X volume of 
0’05N KMn04), for all titrations from 1 to 48 ml. are 
given in Table 5. 

TABLE 5. 

Values for the factor (0-354 0-00034 volume of 0 -05N KMnOi) 

for the determination of fotassium by the cobaltinitrite method. 


Titration. Factor. 


Titration. Factor. 


Titration. Factor. 


0-36S22 

0-36556 

0-36590 

0-36624 


0-35978 

0-36012 

0-36046 

0-36080 


0-35434 

0-35468 

0-35502 

0-35536 


0-36658 

0-36692 

0-36726 

0-36760 


21 „ 0-36114 

22 „ 0-36148 

23 „ 0-36182 

24 „ 0-36216 

25 „ 0-36250 
26#iJi. 0-36284 
.2?ii;X 0:363 18 
2rf'UliJ?36352 


0-35570 

0-35604 

0-35638 

0-35672 


0-36794 

0-36828 

0-36862 

0-36896 


0-35706 
0 -35740. 
0-35774 
0-35808 


0-36930 

0-36964 

0-36998 

0-37032 


0-36386 

0-36420 

0-36454 

0-36488 


0-35842 

0-35876 

0-35910 

0-35944 
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To calculate the amount of exchangeable potassium, in 
m.e. deduct the amount of potash found in the blank deter- 
mination and multiply the weight of KgO, in milligrams, by 

the appropriate factor from the following table: 


Soil extracted. 

1 00 mi. extract 
ex 1 litre. 

150 ml. extract 
ex 1 litre. 

SOg. 

0-425 

i 0-283 

66-66 g. 

0-318 

, 0-212 

10 0 g. 

0-2i2 

0-141 


Perchlorate Method.^ 

Pipette 150-250 ml. of the ammonium chloride extract 
into a silica basin and proceed exactly as for the cobaltinitrite 
method except that it is necessary to precipitate completely any 
sulphates that might be present by the addition of 3 ml of 2 
per cent, barium chloride (BaCl 2 . 2 H 20 ) before evaporating 
with nitric acid. A large excess of barium chloride must be 
avoided but sufficient must be used to precipitate sulphates 
completely. After ignition, extraction with water, and filtra- 
tion, as bel^ore described, collect the filtrate in a 100 ml. pyrex 
basin and aad 5 mi. of cent, perchloric acid. Evaporate 

on the water bath and finally (4»a^hot plate until dense white 
fumes of perchloric acid are evolved. If no fumes are pro- 
duced add more perchloric acid ( 1-2 ml.) and water and re- 
evaporate, since it is necessary to have an excess of perchloric 
acid at this stage. When these fumes have been produced, cool, 
dissolve the perchlorates in 10—15 ml. of water and add a 
further 1 0 drops of perchloric acid, and continue the evapora- 
tion nearly to dryness on the water bath. Finish the evapora- 
tion over a hot plate until dense white fumes have been pro- 
duced for some time and the liquid just sets to a pasty crystal- 
line mass when cold. 

^ When quite cold add 1 5 ml. of 96 per cent, alcohol contain- 
ing 0 ‘ 2 per cent, perchloric acid. Break up all the lumps with 
a stirring rod, stir well, then cover the basin and allow to stand 
for half an hour. When most of the crystals have settled, 
decant as much as possible of the clear liquid through a Gooch 
crucible, charged with asbestos. Then place the basin on the 
top of a warm water bath to eliminate the last of the alcohul, 
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take up in about 1 0 ml. of warm water and add 5 drops of per- 
chloric acid. Evaporate just to dryness as before and when 
cold take up in 1 0 ml. of the acidified alcohol, stirring well to 
break up lumps. After a few minutes decant through the 
Gooch crucible previously used. Wash with 5 ml. of acimfied 
alcohol, draining the dish and crucible completely. Then 
transfer the crystals of potassium perchlorate to the crucible 
using 96 per cent, alcohol previously saturated with potassium 
perdlorate as the wash liquid. Wash three times in all, using 
about 1 5 ml. of this wash liquid each time. Drain the crucible 
well and dry for one hour in an oven at 140 C. Cool in a 
desiccator and weigh. Remove the potassium perchlorate from 
the crucible by washing with hot water, dry and weigh again. 
The difference in weight corresponds to KCIO4. 

To calculate the amount of exchangeable potassium, in m.e. 
deduct the weight of potassium perchlorate found in the 
blank determination and multiply by the appropriate factor 


Soil extracted. 

150 ml. extract I 
ex 1 litre. 

200 ml. extract 
ex 1 litre. 

250 ml. extract 
ex 1 litre. 

50 g. 

96*2 

72*1 

57-7 

66*66 g. 

72*1 

54*1 

43 ’3 

100 g. 

48*1 

36*1 

28-9 


(5) DETERMINATION OF SULPHATE. 

It is desirable to examine the ammonium chloride extract 
of certain soils for the presence of the sulphate ion so as to 
ascertain whether significant amounts of soluble sulphates have 
been included in the determination of the exchangeable metal 

ions. 

Transfer as much of the ammonium chloride extract as is 
available to a silica basin and remove ammonium salts by eva- 
poration with nitric acid as usual. 

Take up the residue in 5 drops of concentrated hydrochloric 
acid and 1 0 ml. of warm water. Filter through a 7 cm. What- 
man No. 44 filter paper and wash with hot water, collecting 
the filtrate in a 1 00 ml. beaker. The filtrate should not exceed 
50 ml. Heat to boiling and precipitate any sulphate by the 
addition of 1 ml. of N barium chloride. Keep gently boiling 
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for a few minutes, or stand in a warm place, and leave over- 
night. Filter any precipitate of barium sulphate through a 
7 cm. Whatman No. 44 filter paper, wash well, ignite and 
weigh as BaS 04 . 


C. The Analysis of the Sodium Chloride Extract for Calcium 
and Magnesiiaa. 

CALCIUM. Transfer 400 ml. of the sodium chloride extract 
to a 600 ml. beaker and add 2^ ml. of concentrated hydro- 
chloric acid. If the extract shows any colour due to dispersed 
soil organic matter add 5 ml., or in the case of strongly 
coloured extracts, 10 ml. of 30 per cent, hydrogen peroxide 
(perhydrol). Cover with a clock glass and boil cautiously for 
1 0 minutes. Remove from the flame and, after a few minutes, 
slowly add35 ml. of dilute ammonia (1 + 1). Any hydrogen, 
peroxide remaining decomposes vigorously hence the necessity 
to add the ammonia carefully and with stirring. If no hydro- 
gen peroxide has been used, add 35 ml. of dilute ammonia 
( I + 1 ) and proceed with the precipitation. 

Raise the contents of the beaker to the boil and add 1 0 ml. 
of hot 1 0 per cent, ammonium oxalate solution. Boil gently 
for about one minute and allow to stand overnight. Filter the 
precipitated calcium oxalate through an 1 1 cm. Whatman No. 
44 filter paper and collect the filtrate in another 600 ml. beaker. 
Wash twice with hot water. Dissolve, reprecipitate and titrate 
the calcium oxalate exactly as described under calcium in the 
ammonium chloride extract (p. 173). 

MAGNESIUM. Concentrate the filtrate from the first cal- 
cium precipitation, by evaporation in a water bath, until its 
volume is reduced to about 200 ml., and then collect the 
filtrate from the second calcium precipitation in the same 
beaker. If sodium chloride crystals have formed in the filt- 
rate, boil until solution is complete. Precipitate magnesium 
either by the hydroxyquinoline or the phosphate method. 

B-HydroxyqmnoUne Method. To the filtrate from the cal- 
cium precipitation add 1 0 ml. of concentrated ammonia and, 
if perhydrol was used previously, a few drops of a 5 per cent, 
solution of sodium mel^isulphite. Heat to about 80° C. and 
add 1 0 ml. of a solution of 8-hydroxyquinoline solution (3 per 
cent, hydroxyquinoline in 10 per cent, acetic acid) or sufficient 
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to give a small excess, as denoted by the yellow colour o£ the 
solution after the precipitate has formed. A large excess is to 
be avoided. In second litre extracts 5 ml. will be sufficient. 
Allow to stand until cool (or overnight) . When only small 
amounts of magnesium are present stir at intervals to ensure 
complete precipitation. Filter through a 9 cm. Whatman No. 
41 filter paper and proceed as described under magnesium in 
the ammonium chloride extract (p. 174) . 

Phosfhate Method. When the filtrate from the calcium 
precipitation is cool add 1 0-1 5 ml. of a 1 0 per cent, solution 
of sodium phosphate (Na 2 HP 04 . 12 H 2 O) and 30 ml. of con- 
centrated ammonia. Stir well at intervals until a precipitate is 
formed, especially if only small amounts of magnesium are 
present. Cover and allow to stand overnight in a cool place. 
Filter through an 1 1 cm. Whatman No. 44 filter paper and 
wash twice with dilute ammonia (1 +9), discarding the filt- 
rate. Dissolve and reprecipitate as described under mag- 
nesium in the ammonium chloride extract (p. 175). 

D. The Analysis of the Ammonium Acetate Extract. 

MANGANESE. Transfer an aliquot of the ammonium acetate 
extract, corresponding to 1 0 g. of soil, to a silica basin, evapo- 
rate to dryness on the water bath and ignite for 5—1 0 minutes 
in a muffle furnace at a dull red heat to destroy organic matter. 
Take up in 2 ml. of concentrated hydrochloric acid and 1 0 ml. 
of water, dissolve and evaporate to dryness on the water bath. 
Take up in 10 ml. of water and 2 ml. of nitric acid and re- 
evaporate to expel hydrochloric acid. Take up in 2 ml. of con- 
centrated phosphoric acid and 25 ml. of water and add about 
0*3 g. of potassium periodate. Boil gently and dilute with 
25-50 ml. of water after the appearance of the permanganate 
colour. Boil again for about half a minute and transfer to a 
50-150 ml. volumetric flask, depending on the intensity of 
the colour. Dilute nearly to volume and place the flask in a 
boiling water bath for 1 5 minutes. When cold dilute to the 
graduation mark, stopper and mix well. 

Prepare a standard colour solution by pipetting 5-2 0 ml. of a 
standard manganese sulphate solution (p. 144; 10 ml.==l mg. 
of manganese) into a 100 ml. measuring flask, add 25 ml. of 
water, 2 ml. of phosphoric acid and about 0 * 3 g. of potassium 
periodate. Heat the flask in the boiling water bath until the 
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permanganate colour appears, dilute nearly to volume and 
replace in the water bath for 15 minutes. When cold, dilute 
to volume and mix well. 

By means of a colorimeter, compare the colour of the un- 
known solution with that of the standard colour solution. If 
the colour is very weak Nessler tubes are more convenient. 
For good comparisons in a colorimeter the unknown solution 
should not be more than 40 per cent, stronger or 25 per cent, 
weaker than the standard solution. 

The amount of manganese present, in milligrams, is given 
by the expression: 


SX 


Ds y Vi 

Du ^ V2 


where S = amount of manganese (in mg.) in the standard 
colour solution 

Dg = depth of the standard colour solution 
D„ == depth of the unknown colour solution 
Vi = volume of the unknown colour solution 
and V 2 = volume of the standard colour solution. 



Having taken an amount of extract corresponding to 1 0 g. of 
soil, the amount of manganese, in m.e. present in the origi- 
nal soil then corresponds to: 

Mn (in mg.) present in the unknown colour solution x 0 ‘ 1 82. 

CALCIUM, MAGNESIUM, SODIUM AND POTASSIUM. These Can 
be determined in the ammonium acetate extract exacdy as de- 
scribed for their determination in the ammonium chloride ex- 
tract. Ammonium acetate is destroyed by evaporation and 
gentle ignition instead of evaporation with nitric acid. 

The Determination of Exchangeable Hydrogen: 
Meta-nitrophenol Method. 



Reagents! ( 

m-Nitrofhenol Buffer Solutions ( 0 • 06N in m-nitro- ; 

phenol). To prepare a suitable range of these solutions dis- ' 

solve pure m-nitrophenol at the rate of 8 ■ 34 g. per litre, in ■ 

lime water of different strengths. Convenient strengths for 
ordinary soils are O' 025, 0*030, and 0*035N in lime. For 
strongly acid soils more basic solutions can be used with ad- 
vantage. Shake the lime water and m-nitrophenol at inter- ■ 
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vals, over 1-2 days, to ensure complete solution. m-Nitro- 
phenol dissolves only slowly in the less basic solutions. Store 
the buffer solutions in resistant glass bottles. 

O' 05 N Hydrochloric Acid. Seep. 117. 

Brom Cresol Green Indicator Solution. See p. 127. 

Method: 

Pipette 100 ml. of a m-nitrophenol buffer solution of 
suitable basicity into a dry pyrex test tube (200 mm. x 32 mm.) 
and add a weighed amount of soil ( 3— 1 0 g. ) . Make tw o sepa- 
rate determinations, using either the same buffer solution with 
two different weights of soil or alternatively, two different 
buffer solutions with the same weight of soil. Choose the 
basicity of the buffer solution or the weight of soil used, so 
that, after shaking, 25 ml. aliquots of one solution will contain 
lime, equivalent to somewhat more than 1 1 • 5 ml. of a 0 ' 05N 
solution and similar aliquots of the other solution will con- 
tain somewhat less than 1 1 • 5 ml. of 0 • 05N lime water. The 
differences from this value may be 2 to 2 ' 5 ml. 

Close the tube with a rubber stopper and shake overnight 
in a mechanical shaker. Then filter the contents, without 
dilution, through a dry 1 1 cm. Whatman No. 30 filter paper 
collecting the filtrate in a dry 125 ml. Erlenmeyer flask. 
Reject the first portion. Titrate 25 ml. aliquots of the filtrate 
with 0'05N hydrochloric acid, using 5 drops of brom cresol 
green as indicator. The colour change at the end point is dis- 
tinct, although a residual colour remains. Titrate 25 ml. of 
the original buffer solution, to serve as a blank determination. 
Use the colour change at the end point of this titration as the 
reference standard for all the other titrations. 

When 25 ml. aliquots are used the amount of lime ab- 
sorbed is calculated as follows: 

Calcium absorbed (in m.e.5^!) = . 

B-T 100 100 

20 25 W 

or X 20 

where B == blank titration, in ml. of 0 ' 05N acid 
T = actual titration, in ml. of 0 ‘ 05N acid 
and W “= weight of soil taken. 
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From the two separate determinations, two values are ob- 
tained giving the amount of base absorbed by the soil corre- 
sponding to the final basicities of the buffer at equilibrium. 
Soils more alkaline than the buffer solution used will actually 
give up calcium to the buffer solution and the amount of cal- 
cium absorbed will then have a negative value. The basicity 
of the buffer at equilibrium is expressed by the volume of 
0 - 05 N hydrochloric acid used to neutralize the 25 ml. aliquot 
in each determination. From the two values for calcium ab- 
sorbed at the two equilibrium basicities, obtain, by direct inter- 
polation, the amount of calcium that would be absorbed at a 
final basicity value of 11*5 ml. This corresponds to the 
amount of exchangeable hydrogen originally present in the 
soil. 

The value so calculated is subject to a small error since the 
amount of moisture present in the air-dry soil dilutes the 
buffer solution slightly, thus reducing its titration value 
against the standard acid by an amount slightly greater than 
corresponds to the amount of calcium absorbed. A correction 
should therefore be made, in calculating the amount of cal- 

Titration value 

cium absorbed, by deducting an amount, y X 

from each of the values previously calculated. In the above 
expression y represents the percentage of moisture in the 
air-dry soil and Titration value corresponds to the amount of 
0-05N hydrochloric acid (in ml.) used in the titration. The 
rnrrprf'f'd vnl lifts are then used for the interpolation for ex- 
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Reagents: 

N Potassium Sulphate. Dissolve 8 7 g. of potassium sul- 
phate in water and dilute to 1 litre. 

60 ^0 Alcohol. Add 520 ml. of water to 1 litre of abso- 
lute alcohol. 

O'OSN Hydrochloric Acid. See p. 1 17. 

' O'OSN Sodium Hydroxide. Seep. 120. 

Methyl Red Indicator Solution. Seep. 126. 

Method: 

Carry out this determination on the soil remaining on the 
filter paper after leaching with N ammonium acetate as de- 
scribed on p. 171. Wash the soil repeatedly with 60 per cent, 
alcohol until the excess of ammonium acetate is removed. 
This may be determined by adding a small quantity of am- 
monium chloride to the first lot of alcohol used for washing 
and then leaching with alcohol until the filtrate gives no test 
for chloride. When free from chloride discard the alcohol 
washings. Then remove the adsorbed ammonium by washing 
once with 0 ' 1 N potassium sulphate and continuing with N 
potassium sulphate until 1 litre of filtrate has been collected. 
This leaching is somewhat slow, especially for heavy soils, and 
it is necessary to start with tenth normal potassium sulphate to 
avoid precipitation of the sulphate by the alcohol retained in 
the soil. One litre of leachate is generally sufficient to displace 
all of the exchangeable ammonium from light to medium soils 
but, with other soils, continue the leaching beyond one litre 
and distil it separately until no more ammonia is recovered. 

Transfer an aliquot of the filtrate to a litre Erlenmeyer 
flask, add 2-3 g. of magnesia and distil the ammonia into a 
measured amount of 0'05N hydrochloric acid. Titrate the 
excess. of hydrochloric acid with 0'05N sodium hydroxide, 
using methyl red as indicator. In the case of heavy soils distil 
the leachings in excess of 1 litre with magnesia and add the 
amount of ammonia recovered to that present in the first litre 
of leachate. 

The total amount of ammonia adsorbed by the soil and dis- 
placed by the potassium sulphate corresponds to the total 
cation exchange capacity of the soil. 
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The Determination of Total Exchangeable Metal 
Cations: Bray and Willhite’s Method. 

Transfer a suitable aliquot of the neutral ammonium acetate 
extract (p. 171), corresponding to 1 0 g. of soil, to a large silica 
basin and evaporate to small volume on the water bath. Trans- 
fer the solution at this stage to a 100 ml. silica or platinum 
basin and continue the evaporation to dryness, finishing the 
operation over a hot plate. Ignite in a muffle furnace, gently 
at first and then for 20 minutes at a medium to full red heat, 
so converting the acetates of the exchangeable metal ions to 
carbonates or oxides. If a silica basin is used support it on a 
triangle to prevent the bottom being overheated. 

When cold, take up in 20-50 ml. of O'OSN hydrochloric 
acid, or sufficient to ensure an excess of acid at this stage, warm 
gently and leave to stand until solution of the alkalies is com- 
plete. Then titrate the excess of acid with 0-05N sodium 
hydroxide using methyl red as indicator. If the methyl red is 
adsorbed as the titration proceeds add a further drop or two 
just before the end point. Calculate the amount of total ex- 
changeable metal ions originally present in the soil, in m.e. fo, 
from the following expression: 


(Va - VO X N X 

volume of standard hydrochloric acid taken 


where Va volume of standard hydrochloric acid taken 

Vb = volume of standard sodium hydroxide used in 
back titration 

' -I ■‘ffli# 

N = normality factor 
S Ve = volume of extract taken 

andW = weight of soil extracted. 

The Approximate Determination of Total Exchange- 
able Metal Cations: Schofield’s Rapid Method. 

Pipette 100 ml. of 0'05N hydrochloric acid into a pyrex 
test tube (200 mm. x 32 mm.), add a weighed amount of soil 
(1-5 g.), stopper and shake overnight. The amount of soil 
taken should not be sufficient to neutralize more than about 20 
per cent, of the standard acid. In general, the larger amount 
may be taken for sandy loams or soils slightly podsolized. For 
heavy clays and base saturated soils only 1—2 g. should be used. 
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The values obtained by this method are equilibrium values and 
therefore depend on the proportion of soil to acid. 

Filter through a dry 1 1 cm. Whatman No. 30 filter paper, 
collecting the filtrate in a dry 125 ml. Erlenmeyer flask, re- 
jecting the first portion. Titrate a 25 ml. aliquot against stan- 
dard lime water using brom thymol blue as indicator. As the 
end point is approached add 2 or 3 more drops of indicator to 
overcome absorption by any sesquioxide precipitate. Titrate 
a blank similarly. 

Then the approximate value for total exchangeable metal 
ions, in m.e. is given by the expression : 

(B-T)XNX-^ x-^ 

wlire B = blank titration, in ml. of standard alkali 
. T = actual titration, in ml. of standard alkali 
N = normality of the standard alkali 
and W = weight of soil taken. 

If any calcium carbonate is present express its amount in milli- 
gram equivalents per cent., and deduct it from the value cal- 
culated for total exchangeable metal ions. 

ANION EXCHANGE 

So little work has been done on anion exchange that the 
methods at present in use must be regarded as tentative. As 
more experience is accumulated new and improved methods 
will no doubt be devised. The present methods are the counter- 
parts of the corresponding methods used in cation exchange 
studies. 

By analogy with cation exchange, the pertinent determina- 
tions are anion exchange capacity and the amounts of the in- 
dividual exchangeable anions. Of the latter the hydroxyl and 
phosphate ions are by far the most important. In addition 
small amounts of the sulphate ion are probably involved but 
the chloride ion does not appear to enter into the reaction. 

Like cation exchange capacity, the total anion exchange 
capacity of a soil is a function of the reaction at which it is de- 
termined. It, however, increases with increase of acidity. The 
reaction at which it is to be determined must therefore be de- 
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fined. At the present time no particular reaction is widely 
advocated. Anion exchange capacity is very small at the 
neutral point, and there is, unfortunately, no natural refer- 
ence point, such as that corresponding to the saturation with 
exchangeable metallic cations in equilibrium with an excess of 
calcium carbonate. It is, therefore, tentatively suggested that 
anion exchange capacity should be determined" at pH 4. This 
I empirical reference point is selected since it corresponds, ap- 
■ proximately, to the reaction of a soil completely deprived of 
its exchangeable metallic cations. This reaction is reached by 
removing the exchangeable metal ions from the soil either by 
leaching with dilute acid or by electrodialysis. The value is 
an approximation onlyj soils with a wide silica : sesquioxide 
ratio become more acid than pH 4 when completely desatu- 
rated, while soils with a narrow ratio do not reach pH 4. 
Whatever value is taken for the reference point it should be 
clearly stated. 

The method described for anion exchange capacity is analo- 
gous to the corresponding determination of cation exchange 
capacity. The soil is leached with a solution of ammonium 
phosphate, adjusted to pH 4 and normal in respect to the 
phosphate ion, until all the exchangeable anions are replaced 
by phosphate ions. The excess of ammonium phosphate is then 
removed and the adsorbed phosphate determined colorimetri- 
cally, after displacing it with sodium hydroxide. The method 
suffers from several imperfections. Ammonium phosphate is 
not buffered at pH 4 so that it is not an ideal leaching agent for 
the determination. Furthermore, the method is not applicable 
to soils containing calcium carbonate. The technique used by 
J. S. Hosking in these laboratories is described on p. 192. 

It should be noted that if values for anion exchange capacity 
at any other reaction are required the determination can be 
carried out by changing the proportions of phosphoric acid and 
ammonia in the solution useci for saturating the soil with 
phosphate. 

Exchangeable phosphate is determined by treating the soil 
with sodium hydroxide solution, thus replacing the adsorbed 
phosphate by the hydroxyl ion. The phosphate is then deter- 
mined colorimetrically (p. 195). 
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Before any method for the determination of exchangeable 
hydroxyl and sulphate can be recommended, further work is 
necessary. The definition of exchangeable hydroxyl depends, 
of course, on the reference point adopted. Leaching with am- 
monium phosphate, or with the salt of any other polybasic acid, 
may increase the cation exchange capacity of the soil, so this 
precludes the direct titration of replaced hydroxyl ions in the 
leachate. 

Total Anion Exchange Capacity : Phosphate Ad- 
sorption Method. 

Reagents: 

N Ammomum Phosphate 4' 0 . Dissolve 384 g. of 
ammonium dihydrogen phosphate in water, filter and dilute 
to 10 litres. Check the pH of the solution by means of the 
glass or quinhydrone electrodes and if it does not correspond 
to pH 4‘0 adjust to this value by the careful addition of a 
small quantity of N phosphoric acid. 

60 % Alcohol. Add 520 ml. of water to 1 litre of abso- 
lute alcohol. 

N Sodium Hydrounde. Dissolve 40 g. of sodium hyd- 
roxide in water and dilute to 1 litre. 

Ammonium Molybdate, Add 1 00 ml. of a 1 0 per cent, 
aqueous solution of ammonium molybdate to 300 ml. of dilute 
sulphuric acid (1 + I). Store in a dark bottle away from 
light. 

Stannous Chloride. To O'S g. of powdered tin add 5 
drops of a 4 per cent, solution of copper sulphate and 10 ml. of 
concentrated hydrochloric acid. Warm until solution is com- 
plete and dilute to 50 ml. This solution is stable for some time 
if kept in an atmosphere of carbon dioxide, provided that a 
little undissolved tin is left in the bottom of the bottle. 

Standard Phosphate Solution. Dissolve 0*1433 g. of 
potassium dihydrogen phosphate in water and dilute to 1 litre. 
As a working standard dilute 20 ml. of this solution to 1 litre; 
1 0 ml. then contains 0 ’ 02 mg. PO 4 . 

Sodium Sulphite Solution. Dissolve 5 g. of sodium sul- 
phite in 100 ml. of water. 
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Method: 

Transfer 1-5 g. of soil, depending on its anion exchange 
capacity, to a 30 ml. narrow mouthed bottle, preferably with 
a screw cap to resist pressure. Add 22' 5 ml. of N ammonium 
phosphate solution. Stopper tightly and shake vigorously. 
Then place in a water bath, kept at a temperature of 50-60“ G., 
shaking vigorously at intervals of 15 minutes. After 1-2 
hours, remove the bottle from the bath and allow it to stand 
overnight. Then filter the contents through a Buchner funnel, 
fitted with a 4‘25 cm. Whatman No. 50 filter paper, using 
slight suction. A hardened filter paper is necessary to prevent 
its subsequent disintegration. If the initial filtrate is turbid it 
must be returned to the funnel before continuing. Rinse the 
bottle and stopper with about 1 0 ml. of ammonium phosphate 
solution and then with a jet of the same solution, from a wash 
bottle. When the soil has been transferred quantitatively to 
the filter paper, continue the leaching with 5-1 0 ml. portions 
of ammonium phosphate, draining the soil completely be- 
tween each addition, until the volume of the leachate amounts 
to about 1 00 ml. 

Rernove the excess of free ammonium salts, remaining in 
the soil in the Buchner funnel, by leaching with 5-1 0 ml. 
portions of 60 per cent, alcohol, giving particular attention to 
the soil adhering to the sides of the funnel. Fifty ml. is usually 
sufficient to remove all soluble phosphates. Then rinse the 
soil with two lots, each of 5 ml., of absolute alcohol, to dry the 
soil and assist in its removal from the funnel. 

When sufficiently dry, transfer the soil and filter paper to a 
small beaker and wash the funnel with water to remove the last 
traces of soil. Dilute to about 200 ml., add 25-30 ml. of 
N sodium hydroxide and boil for 5 minutes. Then transfer 
the suspension to a 250-500 ml. volumetric flask, rinsing the 
beaker with hot water. When cold dilute to the graduation 
mark, stopper and mix well. Determine phosphate in an 
aliquot of this solution. 

If the phosphate determination is to be made in Nessler 
tub^, a quantity of approximately O’ 02 mg. PO 4 is con- 
venient 5 if a colorimeter is to be used a larger amount. O’ 10 
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mg., is desirable. The colour produced is influenced by the 
concentration and the amounts of reagents used. The amounts 
and dilution recommended should, therefore, be closely ad- 
hered to, both in the unknown and standard comparison solu- 
tion. For accurate results the standard should not differ by 
more than 25 per cent, from the unknown solution. If neces- 
sary a preliminary determination should be carried out, in 
Nessler tubes, to determine a suitable volume of the unknown 
solution for the colour comparison. 

If the aliquot still contains sufficient residual coloixr, after 
its final dilution, to influence the shade of the blue phospho- 
molybdate then the organic matter must be destroyed, by 
means of bromine water, before the blue colour is developed. 
To a 50 ml. aliquot add 5 ml. of a saturated solution of 
bromine water and, if not sufficiently alkaline, a few drops of 
N sodium hydroxide until the colour of bromine disappears. 
Stir and add N hydrochloric acid, drop by drop, until the solu- 
tion is just acid. If free bromine is not apparent at this stage, 
repeat the treatment with a further 5 ml. of bromine water 
and sodium hydroxide. Remove the excess of bromine by the 
addition of 5 ml. of sodium sulphite solution and then boil to 
remove most of the excess of sulphurous acid. The solution 
should now be colourless and is suitable for the development 
of the blue phosphomolybdate colour. 

To develop the blue colour, pipette a suitable quantity of 
the standard phosphate solution or the unknown solution, the 
latter freed from organic matter if necessary, into a 100 ml. 
volumetric flask, dilute to about 70 ml., add 2 ml. of ammo- 
nium molybdate solution and shake well. With constant shak- 
ing add 5 drops of stannous chloride solution. Then dilute 
to the mark and mix well. Make up both standard and un- 
known solutions at the same time and under the same condi- 
tions. After 10 minutes compare the colour of the unknown 
with that of a suitable standard using a colorimeter or, for 
weaker colours, Nessler tubes. 

The anion exchange capacity at pH 4, in m.e. %, is then 
given by the expression: 
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where S -= PO 4 , in mg., in the standard colour plution 
Ds = depth of the standard colour solution 
D„ ==-- depth of the unknown colour solution 
Vi = original volume of the soil extract 
Vi! = volume taken for the colour development 
and W = weight of soil taken. 


'XThe Determination of Exchangeable Phosphate. . 

Reagents: 

All the reagents described on p. 1 92, except N ammonium 
phosphate, are required. 


Method: 

Transfer 1 -5 g. of soil to a 30 ml. narrow mouthed bottle, 
add 22 • 5 ml. of 60 per cent, alcohol and allow to stand for one 
hour, with occasional shaking, to dissolve soluble salts. Filter 
through a small Buchner funnel, fitted with a 4 ’ 5 cm. What- 
man No. 50 filter paper, rinsing the bottle with 1 0 ml. portions 
of alcohol. Wash twice more with 1 0 ml. portions of 60 per 
cent, alcohol and then twice with 5 ml. of absolute alcohol to 
dry the soil. 

Transfer the soil and filter paper to a beaker, dilute to about 
200 ml., add 25-30 ml. of N sodium hydroxide and continue 
the phosphate determination exactly as described for the de- 
termination of adsorbed phosphate (p. 193). 

The amount of phosphate found corresponds to the ex- 
changeable phosphate, although it may contain some organic 
phosphate from the decomposition of soil organic matter. 
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CHAPTER X 


NITROGEN 


Nitrogen is determined in soils by one of the many modifica- 
tions of the Kjeldahl method in which the organic matter is 
oxidized by sulphuric acid and the nitrogen converted to am- 
monia. The various modifications differ from the original in 
the addition of potassium or sodium sulphate to raise the tem- 
perature of the digest and in the use of other catalysts in place 
of mercury. The correct determination of nitrogen is not as 
simple and straightforward as is usually thought. The most 
frequent source.s of error lead to low values. 

The whole of the organic nitrogen is not converted to am- 
monia until some considerable time after the digest becomes 
“clear” and colourless, the actual time depending on the cata- 
lyst used. Selenium is more efficient than copper sulphate 
since it shorteTis^e 'time of digestion required to obtain maxi- 
mum values for nitrogen. Some analysts prefer a mixture of 
copper sulphate and selenium. While the digestion must be 
continued for a sufficient time after it has become colourless, to 
ensure conversion of the whole of the nitrogen to ammonia, it 
must not be unduly prolonged or an excessive amount of sul- 
phuric acid may be lost. The overheating, resulting from this, 
leads to a loss of ammonia through dissociation of the ammo- 
nium sulphate. 

Bal (2) has shown that some heavy clay soils give errone- 
ously low values for nitrogen unless the soil is allowed to stand 
with water before digestion. If this preliminary soaking with 
water is omitted nitrogen within the clay aggregates is only 
partly attacked, Walkley (4) found that very fine grinding, 
in a ball mill, ensured complete digestion in similar types of 
soils. It is not necessary to use BaPs modification to obtain 
maximum values for nitrogen in all soils. Its general adoption 
is, however, recommended since it does not add materially to 
the time required for the determination and it ^sures com- 
plete digestion of the organic nitrogen in all soils.* 
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The usual methods do not include the whole^|;f the nitrogen 
of the soil for most of the nitrate nitrogen is lost during the 
digestion. This loss may be disregarded for most soils since 
the amount of nitrate nitrogen is negligible in comparison with 
the organic nitrogen. If, however, it becomes necessary to 
include it, Ulsch’s method should be used. In this method 
the nitrate is reduced, by finely powdered iron and dilute sul- 
phuric acid, before commencing the digestion ( 1 ). For good 
results the iron must be in a very fine state of subdivision. The 
more usual salicylic acid method cannot be used with BaPs 
modification since nitration of the salicylic acid does not take 
place if more than a trace of water is present. 

Bumping does not occur during distillation if the solution is 
transferred from the digestion flask by decantation, thus sepa- 
rating most of the sand. The addition of a small piece of zinc 
to the distillation flask promotes smooth boiling and the slow 
evolution of hydrogen minimizes the danger of the distillate 
sucking back. Some analysts use copper flasks for the distilla- 
tion but borosilicate glass is to be preferred, since the contents 
canbeseen. 

The concentrated sulphuric acid and caustic soda are most 
con veniently stored in 5-10 litre bottles fitted with the ar- 
rangement, shown in Fig. 13, for delivering the required 
volumes automatically. A conical graduated separating funnel 
is supported from the neck of the bottle containing sulphuric 
acid at such a height that digestion flasks can be placed under 
its delivery stem. The height of the delivery end of tube B 
in relation to the separating funnel determines the amount of 
acid measured out each time. A is closed and pressure applied 
to the bottle until the acid has filled the separating funnel to a 
level slightly above the outlet of tube B. If now the pressure 
in the bottle is released, by opening A, the acid in the separat- 
ing funnel above the level of B siphons out, leaving the re- 
quired amount. The level of B must, of course, be above the 
level of the acid in the storage bottle fdr the siphon to func- 
tion. The measured amount of acid can then be delivered 
directly intq the digestion flask. 

, A similar arrangement is used for the caustic soda except 
that in this case aI00tol50 ml, measuo^ cylinder is placed 
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under the outlet tube. The height of the outlet tube in rela- 
tion to the q^linder again determines the volume automatically 
delivered. A wooden block of suitable height enables the cylin- 
der to be placed in the correct position each time. To reduce 
drainage the vertical part of the outlet end of the delivery 
tubes should be kept as short as possible. 


Sulphuric Acid Sodium Hydroxide 

Fig. 1 3. Automatic measuring apparatus for sulphuric acid and sodium 

hydroxide; 


The ammonia, which is distilled off from the digest, is usually 
absorbed in standard acid. In Winkler’s modification ( 3 ) it is 
absorbed in an unstandardized solution of boric acid. Since 
boric acid is a very weak acid the absorbed ammonia can be de- 
termined by titration with standard hydrochloric acid, if a 
suitable indicator (brom phenol blue) is used. This gives a 
direct determination, in place of the usual indirect determina- 
tion by difference, and only one standard solution is required. 
Standard sodium hydroxide is not required. Moreover, a suf- 
ficiently large excess of boric acid can be used so as to ensure 
complete absorption of the ammonia even when the amounts 
obtained are larger than anticipated. For successful absorp- 
tion the temperature of the distillate must not exceed 50 ° Q4 



too SOIL AND PLANT ANALYSIS 

and it is preferably kept below 40 ° C. Air-cooled condensers 
cannot be used. 

If the ammonia is absorbed in standard hydrochloric acid 
either methyl red or brom cresol green may be used. For the 
titration of tenth normal solutions the choice depends upon the 
particular colour change preferred by the analyst. For the 
relative merits of these two indicators when titrating more 
dilute solutions see p. 205. 

The Determination of Nitrogen. 

Method: 

Transfer 1 0 g. of soil to a flat bottomed pyrex Kjeldahl 
digestion flask and add 1 0 ml. of water. Shake and allow to 
stand for half an hour. Then add 30-35 ml. of concentrated 
sulphuric acid. Ferruginous and lateritic soils require a larger 
volume of sulphuric acid to keep the digest fluid during the 
later stages, owing to the formation of large quantities of 
ferric and aluminium sulphates. vStart the digestion over a 
small flame and gradually increase the heat until white fumes 
qf sulphuric acid are produced. Remove the flask and add 1 0 g. 
^f potassium sulphate (or anhydrous sodium sulphate) and 
0 ’2 g. of selenium. Replace the flask and continue the diges- 
tion for 1 to hours after the digest has become colourless. 
Allow the flask to cool, dilute the contents with about 100 ml. 
of water and transfer the fluid part to a 1,000 ml. conical flask, 
leaving as much as possible of the sand behind. Wash the 
•sandy residue with four or five lots of 50-60 ml. of water, de- 
canting the washings into the conical flask after allowing the 
sandy residue to settle for a few seconds each time. Add a piece 
of granulated zinc and then 1 00-1 1 0 ml. of caustic soda solu- 
tion ( 1 lb. of caustic soda + 1 litre of water) or sufficient to 
make the^pontents of the flask alkaline to phenolphthalein. 
Pour the caustic soda solution down the side of the flask so that 
it forms a heavy layer at the bottom. Place the stopper in the 
flask ^d connect it to the distillation apparatus! Mix the con- 
tents 'v^ell by shaking and commence the distillation, collecting 
the amiponia in 25 ml. of 0‘ IN hydrochloric acid containing 
two oifib-ee drops of methyl red indicator solution. For soils 
high in nitrogen absorb the ammonia in p5 ml. of standard acid 
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or feke a smaller quantity of soil for the determination. Distil 
until about one-third of the liquid has passed over. 

When the distillation is completed rinse the condenser tube 
which dips into the standard acid and titrate the excess of acid 
with tenth normal sodium hydroxide. 

Carry out a blank determination in exactly the same manner 
but using about 0'2 g. of cane sugar in place of the soil,' so as 
to correct for any nitrogen contained in the reagents. 

The percentage of nitrogen in the soil, on the basis of a 1 0 g. 
sample ““ ' k ■■■ 

(B-T) X N X 0-14*. 

where B = blank titration, in ml. of standard alkali 
T actual titration, in ml. of standard alkali 
and N normality of the standard alkali. 

Winkler’s Modification. 

f*'rt*ced as before but collect the distillate in 50 ml. of 4 
per cent, boric acid solution instead of in standard hydrochloric 
acid. When the distillation is completed add 3 drops of brom 
phenol blue indicator solution and titrate the ammonia ab- 
sorbed with O' IN hydrochloric acid. , 

The percentage of nitrogen in the soil, on the basis of a 1 0 g. 
sample ■*= 

(T-B) X N X 0-14 

where T = volume of standard acid used in the actual titration 
B “= volume of standard acid used in the blank titration 
and N normality of the standard acid. 
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CHAPTER XI 


NITRATES, NITRITES AND AMMONIA 

Nitrates and nitrites are readily soluble in water and the 
amount extracted is independent of the soil : water ratio. Am- 
monia, on the other hand, is present as an exchangeable ion. It 
is adsorptively bound to the exchange complex and it must, 
therefore, be replaced by an excess of some other ion if it is 
desired to obtain ifc in solution quantitatively. 

On account of their solubility and mobility, nitrates and 
nitrites are subject to considerable redistribution within the 
profile, consequent on changes in the moisture conditions of 
the soil. Samples should therefore be taken to a sufficient 
depth, and from a sufficient number of sites, to reduce the ex- 
perimental error of sampling to a value commensurate with 
the nature of the investigation. For most purposes a composite 
sample, representing 4~6 sites per plot of a tenth of an acre, is 
suitable but for some investigations it may be necessary to 
sample a greater number of sites per plot. The surface mulch, 
to the depth of ploughing (3^-4j inches) should be sampled 
separately as it may be very much richer than the remainder of 
the profile, particularly under fallow conditions. The next 
sample can conveniently represent the rest of the surface soil 
to a depth of 9 inches and the remaining samples can be taken 
in successive 9-inch layers to a depth of 1 8-45 inches as re- 
quired. When the soifis moist a semicylindrical sampling tool, 
similar to a cheese tester but about 2 cm. internal diameter, is 
very useful. It does not disturb the plot as much as a larger 
sampling tool and enables more sites to be sampled with ease. 
For dry soils or when deeper samples are required the 4-inch 
post hole auger is most suitable if care is taken to prevent con- 
tamination of the lower samples from the sides of the hole 
near the top. 

Under favourable moisture conditions the amounts of 
nitrates, nitrites and ammonia fluctuate considerably in the 
soil, depending on the activity of the micro-flora and -fauna. 
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Ammonia is rapidly oxidized to nitrites, and nitrites to nitrates. 
For this reason valid determinations of these constituents 
can only be made in samples taken directly from the field. 
Richardson ( 5 ) found large increase:s in the ammonia-nitro- 
gen when soils were allowed to air-dry before the determina- 
tion; the amount of change varied from soil to soil. If it is 
impossible to carry out the analyses as soon as the soil reaches 
the laboratory the sample should be dried very rapidly in an 
ovenat55“C. However, Russell and Page (6) state that such 
drying leads, on the average, to an increase of 2 parts of 
nitrate-nitrogen per million parts of soil. Better results might 
be obtained if the oven is designed to enable a rapid stream of 
air to be drawn through it, so as to hasten the removal of mois- 
ture. According to Russell and Page, there is practically no 
increase in nitrate-nitrogen if the soil is dried in a vacuum 
oven for two hours at 55° C. 

If the samples have to be transported to the laboratory the 
moist soil should be kept in tightly closed tins and microbio- 
logical activity inhibited by the addition of 1-2 ml. of toluene 
to each sample. There is, however, some doubt concerning the 
efficacy of toluene in preventing changes in the nitrate content 
and rapid drying should be adopted wherever possible, when 
the analyses cannot be undertaken without delay. For the 
determination of nitrates, reduction methods, in which the 
nitrate-nitrogen is reduced to ammonia, are preferred, al- 
though, in ail such methods, nitrites are also reduced. How- 
ever, nitrites are not often present in amount sufficient to dis- 
turb the determination. Nitrates can very conveniently be 
determined in the soil extract after the determination of am- 
monia by Olsen’s method (p. 207). The phenoldisulphonic 
acid method gives a direct determination of nitrates but it is 
subject to numerous difficulties. To obtain accurate values by 
it, the soil extract must be quite clear and colourless, otherwise 
the differences in shade will mak^-^fhe colour matching very 
difficult. Chlorides also interfere and, if present in the soil in 
amounts greater than O’ 002 per cent., the excess must be re- 
moved by precipitation with silver sulphate. 

Nitrites are seldom present in soils in amounts sufficient to 
warrant their determination, except in special cases. In a moist ^ 
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soil they are so rapidly oxidized to nitrates that it is doubtful 
whether reliable values are obtained, even when the deter- 
mination is carried out immediately the sample is collected. 
Bartholomew ( 1 ) found that considerable amounts of added 
nitrites were oxidized to nitrate during the preparation of the 
aqueous extract of the soil, while within one hour the oxida- 
tion was practically complete and only slight traces of nitrite- 
nitrogen could be detected. The oxidation is biological and 
does not occur in autoclaved soil. 

When nitrites are present in sufficient quantity, as in soil 
composts, they may be determined by Shrikhande’s method, in 
which use is made of the reaction between nitrites and hydro- 
xylamine hydrochloride. When a soil extract containing 
nitrite is warmed with hydroxylamine hydrochloride the latter 
is decomposed according to the equation: 

NH2OH.HCI + NaNOa == NaCl + N2O + 2H2O. 

Asa result of the decomposition of the hydroxylamine hyd- 
rochloride the acidity of the solution diminishes and this de- 
crease can be determined by titration, in the presence of a suit- 
able indicator, such as phenolphthalein. However, since 1 ml. 
of 0 ‘ 05 N sodium hydroxide is equivalent to 0‘715 mg. of 
nitrite-nitrogen, the method is not sufficiently sensitive for the 
determination of the nitrites present in normal soils. For 
details of the method reference should be made to the original 
paper ( 7 ). 

Ammonia cannot be satisfactorily distilled directly from the 
soil in the presence of an alkali, because even a mild alkali like 
magnesia leads to some decomposition of soil organic matter, 
with liberation of ammonia from proteins. Little or no de- 
composition of protein occurs if the inorganic ammonia is re- 
moved, by aeration in the cold, after the addition of sodium 
chloride and sodium carbonate as in Mathews’s method ( 2 ). A 
vigorous stream of air is drawn through the mixture for 5-6 
hours and the ammonia liberated is absorbed in 0'02N acid. 
The method is tedious and requires special apparatus. Unless 
a steady stream of air can be maintained many fine-textured 
soils are liable to block up the tubes and aeration cannot be 
started again. McLean and Robinson (3) recognized the 
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existence of ammonia in the soil in the exchangeable form 
and based their method for its determination on the well- 
known leaching method of Hissink for other exchangeable 
ions. They leach the soil with sodium chloride and recover 
the ammonia from the leachate by distillation in the presence 
of magnesia ( p. 2 1 0). The most convenient method of extrac- 
tion for ordinary soils is that due to Olsen (4) and slightly 
modified by Richardson (5 ). In this method (p. 208) the soil 
is shaken with a potassium chloride-hydrochloric acid buffer 
solution containing sufficient hydrochloric acid to give a reac- 
tion of pH J • 0 to 1 ■ J after interaction with the soil. The con- 
centration of potassium and particularly the hydrogen ions in 
the buffer at this reaction is such that the ammonia is almost 
completely replaced. It is thus brought into solution quanti- 
tatively l)y simply shaking the soil with an excess of the buffer 
solution, and recovered by distillation of an aliquot of the 
filtered extract with an excess of magnesia. Nitrates can then 
be readily determined in the same extract, by reduction with 
Devarda’s alloy after the distillation of the ammoniacal nitro- 
gen. A potassium sulphate-sulphuric acid buffer is sometimes 
preferred to potassium chloride-hydrochloric acid for extract- 
ing the soil since it froths somewhat less during distillation. 

Olsen’s method is not applicable to soils containing more 
than a few per cent, of calcium carbonate on account of the 
excessive amounts of hydrochloric acid required to give a final 
reaction of pH TO— 1 '5. Ammonia must be determined in 
these soils by Mathews’s or McLean and Robinson’s methods 
and nitrates by leaching with water. 

For the back titration of the excess of standard acid used to 
absorb the ammonia, brom c resol green is more suitable than 
rnethyl red because it is less affected by carbon dioxide. When 
titrations are made with solutions more dilute than tenth 
normal, and methyl red is used as the indicator, the solution 
should be boiled to remove carbon dioxide just before the end 
point of the titration is reached. When brom cresol green is 
used the necessity for boiling off carbon dioxide is avoided 
{ unless more than ordinary amounts are present) by titrating 
until the colour of the indicator matches that of a buffer solu^ 
tion of pH 4- 7-4- 8, containing the same quantity of indicator. 
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According to Richardson, the magnesia used for the distilla- 
tion of the ammonia should be freshly ignited otherwise the 
amount of carbon dioxide from it may introduce an error in the 
titration which is not eliminated in the blank determination. 

The Determination of Nitrates. 

When the soil does not contain appreciable quantities of or- 
ganic matter the following procedure is recommended: 

Break the soil sample, as brought in from the field, into 
pieces not more than three-eighths to half an inch in diameter 
and weigh 1 00-250 g. into a flat tray. At the same time weigh 
out two smaller samples for moisture determinations. Dry the 
portion for the nitrate determination rapidly in an oven at 55° 
C. for 12—16 hours. The drying enables the subsequent leach- 
ing to be carried out with a minimum puddling of the soil. 
Transfer the dried soil to a 9 cm. Buchner funnel, fitted with a 
Whatman No. 50 filter paper, and pour on sufficient distilled 
water, containing 1 0 drops of concentrated sulphuric acid, to 
cover the soil. After a few minutes soaking connect to the 
filter pump and continue to leach the soil with successive quan- 
tities of distilled water until the filtrate amounts to about 600 
ml. Transfer the filtrate to a 1 litre Erlenmeyer flask, add 1 g. 
of magnesium oxide and evaporate until the volume is re- 
duced to about 200 ml. Cool, and add in the following order 
■ 5 g. of zinc dust, 7 0 ml. of 3 0 per cent, sodium hydroxide, and 
5 g. of powdered iron. Connect the litre flask to the condenser 
of the nitrogen distillation unit through an efficient splash trap. 
Allow the reduction to proceed in the cold for half an hour, 
continue for half an hour over a very small flame and boil off 
the ammonia in a third period of half an hour. Collect the 
ammonia in 1 0-35 ml. of 0'02N hydrochloric acid and titrate 
the excess of acid with 0 ‘ 02N sodium hydroxide using methyl 
red or brom cresol green. 

Two g. of Devarda’s alloy may be used, instead of the zinc 
and iron powders, to bring about the reduction of thS nitrates. 
In this case reduction is complete in a little more than half an 
hour. The heating must be very gentle until the initial reac- 
tion has moderated when it can be increased to drive off the 
whole of the ammonia. When Devarda’s alloy is used for re- 
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duction a very efficient spray trap must be used to retain the 
fine spray. A glass bulb filled with glass heads or a glass 
column filled with small flint pebbles is satisfactory. 

Where much organic matter is present in the soil extract 
as prepared above the following procedure is recommended: 

Transfer the water extract of the soil to a 1 litre Erienmeyer 
flask, add 2^ ml. of 30 per cent, sodium hydroxide and 1 0 ml. 
of 3 per cent, potassium permanganate, cover with an inverted 
porcelain crucible lid, boil until the volume is reduced to about 
150 ml. and keep just boiling for a further period of 2-4 
hours.-^if the permanganate is completely decolorized add a 
little more until no appreciable change is noticeable in half an 
hour. Dilute to 300 ml., add 25 ml. of 30 per cent, sodium 
hydroxide, 2 ml. of rectified spirit and 3 g. of Devarda’s alloy. 
Connect to the distillation apparatus through an efficient spray 
trap as before. After reduction in the cold for a few minutes 
heat cautiously and distil off the ammonia, collecting it in 
0 • 02N hydrochloric acid as before. 

In each case carry out a blank determination on all the re- 
agents used, absorbing the ammonia in the same volume of 
standard acid as was used for the actual determinations. 

Calctdation of the Results: 

The amount of nitrate-nitrogen in mg. per kg. (p.p.m.) 
is given by the following expression: 

(B-T) XNX 14X-^^ 

where B -= blank titration, in ml. of standard alkali 
T ““ actual titration, in ml. of standard alkali 
N = normality of the standard alkali 
and W ““ weight of soil taken. 

Correct the weight of soil taken for the amount of moisture 
contained in it so as to express the results on an oven-dry basis. 

The Detertnination of Nitrates After Olsen’s Extrac- 
tion for Ammonia. 

Dilute the residue remaining in the distillation flask after 
the determination of ammoniacal nitrogen (p. 208) until the 
volume is again 300 ml. and add about 2-5 g. of finely 
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powdered Devarda’s alloy. Immediately reconnect the flask 
to the distillation unit through an efiicient spray trap and heat 
gently so as to take to 1^- hours to distil about 200 nal. 

Collect the distillate in 1 0—1 5 ml. of 0 • 02N hydrochloric 
acid containing 20 drops of brom cresol green. When the dis- 
tillation it^hompleted titrate the excess of acid with 0'02N 
sodium hydroxide until the colour of the indicator matches 
thatinareferencebuffersolution of pH4‘7-4‘8 (p. 205). 

Carry out a blank determination on all the reagents used. 


Calculation of the Results: 

The expression for the calculation of the amount of 
ji^trate-nitrogen is identical with that given for ammoniacal 
> - . nitrogen on p. 21 0. 

The Determination of Ammonia: Richardson’s 
Modification of Olsen’s Method (5). 

Reagents: 

2N Potassium Chloride. Dissolve 149 g. of potassium 
chloride in water and dilute to 1 litre. 

2N Hydrochloric Acid. This is prepared with sufEcient 
accuracy by diluting 175 ml. of concentrated hydrochloric 
acid to 1 litre. 

0‘02N Hydrochloric Acid. Seep. 117. 

0‘02N Sodium Hydrotdde. See p. 120. 

Brom Cresol Green Indicator. See p. 127. 

Bu-ffer Solution fH 4 ’ 8. Mix 40 ml. of 0 * 2N acetic acid 
and 60 ml. of 0‘2N sodium acetate. For use dilute 1 0 ml. to 
about 200 ml.j add 20 drops of brom cresol green, and a few 
drops of a one per cent, solution of mercuric chloride to pre- 
serve the solution. The colour of the diluted buffer is stable 
for about one month. 


Method: 

Break up the freshly taken sample by hand or, if not too 
moist, pass it through a 4 mesh sieve; discard the larger roots 
and stones. Subsample by Recessive quartering and take 1 00 
g. for the preparation of the extract and 50 g. for a moisture 
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determination. Determine moisture by drying for 16-24 
hours in an electric oven at 1 05° C. 

Transfer the 100 g. sample to a 500 ml. bottle fitted 
with a good quality rubber stopper and add 100 ml. of 2 N 
potassium chloride solution and sufficient 2 N hydrochloric acid 
to bring the soil extract to the required acidity, after equili- 
brium has been established, of about pH 1 ' 0—1 '5. Also add 
about 7 drops of toluene and sufficient water to bring the total 
volume of solutions added to 200 ml. For most soils 10 ml. 
of 2 N acid is sufficient. Organic and alkaline soils require 
!riore, while provision must also be made for any calcium car- 
bonate present. If the necessary amount of acid is not known 
from previous determinations on the same soil it is most con- 
x’cnicntly determined by shaking by hand a ^parate 10 g. 
sample of the soil with 1 0 ml. of 2 N potassium chloride, 1 ml. 
of 2N hydrochloric acid and 9 ml. of water, filtering, and de- 
termining the pH of the filtrate by means of thymol blue. A 
bright red colour (pH 1 '0-1 ’5) indicates that sufficient acid 
has been added but an orange or yellow colour denotes insuffi- 
cient acidity and the test must be repeated with larger amounts 
of acid. 4 

After the addition of the correct amount of hydrochloric 
acid to the main sample, stopper the bottle and shake for one 
hour in a mechanical shaking machine. If carbonates are 
present take the usual precautions to prevent pressure being 
developed from the carbon dioxide liberated, by shaking by 
hand and releasing the stopper once or twice. 

After mechanical shaking pour the whole of the contents of 
the bottle, in one operation, on to a large (24 cm.) Whatman 
No. 1 2 fluted filter paper and collect the filtrate in an Erlen- 
rneyer flask, rejecting the fi:^st 25-30 ml. The extraction 
should lx; carried out on the day of sampling, and the distilla- 
tion as soon as possible after filtration. However, the presence 
of toluene makes it permissible to postpone distillation for a 
day or two if the flask containing the filtrate is kept tightly 
stoppered. 

Transfer 100 ml. of the filtrate to a 750-1,000 ml. Erlen- 
meyer flask, permanently marked (with glass-writing ink) at 
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the 300 ml. level. Dilute to this mark, add 4^5 g. of freshly 
ignited magnesia, connect to the distillation apparatus and 
distil until 1 50-200 ml. of distillate have passed over. The 
larger volume is necessary to ensure complete removal of the 
ammonia if a litre distilling flask is used. Keep the residue 
remaining in the distilling flask for the determination of 
nitrates (p. 207). 

Collect the distillate in 10—15 ml. of 0* 02N hydrochloric 
acid diluted sufficiently to cover the lower end of the con- 
denser tube. When the distillation is completed, add about 
20 drops of brom cresol green indicator solution and titrate the 
excess of acid with 0 • 02N sodium hydroxide until the colour 
of the indicator matches that in a comparison buffer solution 
of pH4'7-4'8. 

Carry out a blank determination on all the reagents used. 

On account of the sensitivity of 0 ' 02N acid to alkali derived 
from glass, only the best quality non-alkali glassware is per- 
missible for the condenser tubes and titration flasks. Richard- 
son prefers a block tin condenser, with a short length of non- 
alkali glass tubing dipping into the standard acid.. 

Calculation of the Results: 

Determine the amount of oven-dry soil and the amount 
of water present in the 1 00 g. of moist soil taken for the deter- 
mination. Then the amount of ammoniacal nitrogen present, 
in mg. per kg. (p.p.m.) is given by; 

(B -T) X N X 14 X 

where B == blank titration, in ml. of standard alkali 
T == actual titration, in ml. of standard alkali 
N = normality of the standard alkali 
V = volume of water in the moist soil taken 
and W == weight of oven-dry soil taken. 

The Determination of Ammonia: McLean and 
Robinson’s Method (3). 

Transfer 25-5 0 g. of the moist soil to a 400 ml. beaker, add 
100 ml. of a cold normal solution of sodium chloride, stir well 
and leave to stand for half an hour. Decant the supernatant 
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liquid through an 1 8 • 5 cm. Whatman No. 44 filter paper and 
collect the filtrate in a litre Erlenmeyer flask. Wash the soil 
once by decantation, with the normal sodium chloride solution 
and then transfer it completely to the filter. Continue the 
leaching until the volume of the filtrate approximates to 500 
ml. 

Add 3-4 g. of magnesia to the filtrate, connect the flask to 
the ammonia distillation apparatus and heat gently so that a 
volume of 1 50-200 ml. distils over in half to three-quarters 
of an hour. Collect the distillate in 10-15 ml. of 0‘02N 
hydrochloric acid and titrate the excess of acid with 0'02N 
sodium hydroxide, using methyl red as the indicator. Carry 
out a blank iletermination using all the reagents. 

I'or soils with high ammoniacal nitrogen, it is necessary to 
collect a second half litre of leachate or leach with a more con- 
centrated ( 1 5 |X‘r cent.) solution of sodium chloride. 

McJ.ean and Robinson prefer B.D.H. Universal Indicator 
for the titration and titrate to a distinct blue colour (pH 8 ‘ 5 ) . 
This introduces error due to carbon dioxide and the most suit- 
able indicator is probably brom cresol green as used in Richard- 
son’s modification of Olsen’s method (p. 208). ** 

Some alkaline soils give a strongly coloured extract on 
leaching with sodium chloride, due to the dispersion of humi- 
fied organic matter. With these soils better results are ob- 
tained if the leaching is carried out with sodium chloride solu- 
tion containing 1 0 ml. of N hydrochloric acid per litre. 

Calculation of the Results: • 

The amount of ammoniacal nitrogen in mg. per kg. 
(p.p.m.) corresponds to: 


fB-T) X Normality factor X 14 X 


1,000 


^ Weight 01 soil taken 

where B = volume of standard sodium hydroxide used in the 
blank determination 

and T = volume of standard sodium hydroxide used in the 
actual determination. 

The value should be expressed on an oven-dry soil basis. 
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CHAPTER Xn 


ORGANIC MATTER • 

Because of its complex nature numerous difficulties beset the 
accurate determination of soil organic matter. The value for 
loss on ignition is not admissible since it includes water of con- 
stitution of the clay fraction. W. O. Robinson’s method (8), 
in wJiich soil organic matter is oxidized by a concentrated ^ 
solution of hydrogen peroxide, gives a direct determination 
hut can only be used in soils which do not contain manganese 
dioxide nor more than 1 per cent, of calcium carbonate.' Or- 
ganic matter is far more generally calculated from a deter- 
mination of organic carbon, on the assumption that the organic 
matter of the average soil contains 5 8 per cent, of carbon. This 
conversion factor is sometimes referred to as the van Bemme- 
len factor but it is, in fact, of much older origin. The propor- 
tion of carbon in soil organic matter varies widely in difFerent 
soils and, at best, this factor should only be regarded as an ar- 
bitrary approximation. Since organic carbon can be determined 
directly, and with considerable accuracy, by any of the usual 
methods of dry combustion, it is preferable to report it as such, 
rather than a value for organic matter derived from it on the 
above assumption.* i 

^ ' Some soils contain fragments of elementary carbon, such as \ 

! coal, charcoal or graphite. Carbon in this form should not be/.- 
' considered as part of the soil organic matter, proper, but, un-L 
fortunately, the dry combustion method does not distinguish/ 
between the different forms of carbon. Carbonates, if present, j 
can be removed by treatment with sulphurous acid before com-*^ 
bustion, or a correction can be applied for the amount of car- 
bonate-carbon. Sulphurous acid is the only common acid suit- 
able for preliminary removal of carbonates because its reducing 
properties minimize the oxidation of organic matter during the 
process. The equipment for the d rv combustion met hod is 
relatively expensive but with an electrically-heatedTuniafie 
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determinations can be carried out in rapid succession. It is not 
necessary to cool the tube between samples. Except for soils 
rich in organic matter, 25-35 minutes are sufficient for each 
determination. As tl^ residt of a co-operative study the 
Organic . Ca rbon Commi ttee of the Internationa.1 Society of 
SbiT Science ( 6 ) concluded that the values obtained by a variety 
(xhifyToinBuStion methods were so concordant that the choice 
of method depended upon laboratory convenience. Details of 
the dry combustion method in use at the Waite Institute are 
described below. 

In W. O. Robinson’s hydrogen peroxide method elemen- 
tary carbon is only slightly attacked. The method therefore 
gives a good measure of organic matter in those soils for which 
it is applicable. 

Wet methods of oxidation, such as digestion of the soil with 
chromic and sulphuric acids, give, in general, low recoveries 
owing to their failure to secure full oxidation of the carbon. In 
only one of the methods tested by the Organic Carbon Com- 
mittee of the International Society of Soil Science was the 
treatment sufficiently drastic to give nearly complete oxidation 
of the whole of the carbon to carbon dioxide. 

In recent years various simple and rapid titration methods 
have come into prominence. Schollenberger (9) originally 
proposed treating the soil with known amounts of chromic acid 
in hot sulphuric acid and determining the amount of chromic 
acid reduced by the soil organic matter. The method was 
modified by Walkley and Black (12) and further simplified 
by Walkley (11). It is described below in its Jatest form. 
Tffis method is. not ^F«ied by the presence, of .calcium car- 
bonate in the soil and it is also able to discriminate between ele- 
mentary carbon and soil organic matter proper. Chlorides in- 
terfere since they are oxidized by chromic acid with liberation 
of free chlorine. However, a correction may be applied if 
their amount is known since they react quantitatively (4C1 = 
20 = C). Thus 1 1 ■ 83 g. of chlorine are equal in reducing 
power to 1 g. of carbon. This correction can be made with 
sufficient accuracy by subtracting one-twelfth of the amount 
of chlorine present in the soil from the apparent carbon value. 

These rapid methods are of particular value in investiga- 
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tions in which large numbers of related soils are being com- 
pared, Caution should, however, be exercised in making com- 
parisons between unrelated soils since the organic matter is 
oxidized to a different extent in different soil types. Conver- 
sion factors may be determined empirically, so that values ob- 
tained by these methods may be compared with those obtained 
by the dry combustion method. Such conversion factors vary 
with the type of soil and the exact details of manipulation. It 
would px-obably be better to regard the results obtained by 
these rapid titration methods as “single value” constants rather 
than attempt to convert them to organic carbon values. 

I'or sul>di\'iding soil organic matter extraction with hot 
sodium hydroxide is used. This separates the material into a 
non-hurnificd and a humified portion, the latter being soluble 
in the hot alkali. The humic matter consists of the dark 
coloured, high molecular colloidal fraction of the soil organic 
matter. Arnold and Page ( 1 ) found that hot sodium hydrox- 
ide dissolves somewhat more than twice as much humified 
organic matter as is dissolved in the cold. Humin is'insoluble 
in cold sodium hydroxide but becomes hydrated and converted 
to humic acid when treated with a hot solution of alkali. In 
Eden’s method (3) humic acid is determined by decomposing 
carbonates and humates in the soil with dilute hydrochloric 
acid, extracting the residue with hot sodium hydroxide and 
comparing the colour with that of a standard solution of 
Merck’s addum huminicum. During the preliminary treat- 
ment with acid some loss of a lightly coloured water soluble 
constituent, fulvic acid, occurs but the amount is seldom suffi- 
cient to affect the subsequent colour comparison. Details of 
the method arc given on p. 227. 

The colour of the humic acid solution extracted by Eden’s 
method is not alw'ays the same shade as that of the solution 
prepared from addum- huminkum. Instead of using the latter 
substance as a standard, Joseph and Whitfeild (5) use a puri- 
fied humus extract prepared from a soil similar to those in 
which humic acid is to be determined. Standard solutions of 
addum huminkum rapidly deteriorate in colour and should 
not be used if more than 1 0 days old. Gornell and Leibbrant 
(2) recommend that humic matter should be determined accu- 
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rately in a standard soil sample by Eden’s method and sub- 
samples should then be extracted and used as the working 
standard in each series of subsequent determinations. This •• 
procedure is easier than the frequent preparation and stan- 
dardization of fresh solutions of acidum kufmmcum. 

In Eden’s method humic acid is determined from its tinc- 
torial power. Colourless compounds brought into solution do 
not enter into the colour comparison. In Arnold and Page’s 
method the total carbon in the sodium hydroxide extract is 
determined. By comparing the tinctorial power of their ex- 
tracts with that of acidum huminicum they conclude that the 
sodium hydroxide extracts probably contain a considerable 
proportion of colourless organic compounds. 

Robinson and Jones (7) suggested oxidation with hydrogen 
peroxide for discriminating between humified and non-humi- 
fied organic matter since they found that 6 per cent, hydrogen 
peroxide did not appreciably attack structural organic matter. 
W. O. Robinson (8) found, however, that much undecom- 
posed organic matter is attacked by hydrogen peroxide in the 
presence of soil. Hosking (4) also noted that the action of 
hydrogen peroxide on organic matter is influenced by soil re- 
action and only a fraction of the oxidizable organic matter is 
attacked in alkaline soils, unless the soil is first acidified. Com- 
plete oxidation of the oxidizable portion of the organic matter 
only occurs at reactions more acid than about pH 5 ' 8. 

Waksman and Stevens (10) do not agree with the use of 
sodium hydroxide extractions or hydrogen peroxide oxidations 
for the fractionation of soil organic matter and they suggest a 
proximate method of analysis. They separate soil organic 
matter into four fractions, namely ether and alcohol soluble} 
carbohydrates} proteins} and lignin-humus complex. Theori- 
iginal paper should be consulted for details of their method. 

^ The Determination of Organic Carbon: Dry Com- 
bustion Method. 

In this method the soil is ignited in a current of purified air 
and the carbon dioxide, produced by the combustion of the or- 
ganic matter, is absorbed in a suitable absorbent and weighed. 

If carbonates are present in the soil they are first removed by 
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treatment with sulphurous acid. For the combustion a silica 
tube packed with copper oxide is preferred. Provided that 
if is not accidentally overheated it has a very long life before 
it is seriously attacked by the copper oxide, with formation of 
copper silicate. If the copper gauze plugs are wrapped in thin 
asbestos millboard before insertion in the tube, attack at these 
points is prevented. 

A'pparatus: 

An electrically-heated combustion furnace with the heat- 
ing units arrangred in three sections of 4 in., 8 in., and 12 in. re- 
spectively is most convenient. The gas purification and ab- 
sorption trains are shown diagrammatically in Fig. 14. Air is 
purified from carbon dioxide and water vapour by the absorp- 
tion vessels .f-C', and, after passing through the heated com- 
bustion tube, it is drawn through the absorption vessels E—L. 
These bulbs purify and dry the current of air and then absorb 
the carbon clioxide, produced in the combustion. Chlorine 
compounds are removed by the heated silver gauze in the com- 
bustion tube. Should any escape this, they are absorbed by the 
zinc tube F, which also absorbs other acidic vapours. The last 
traces of sulphur trioxide and oxides of nitrogen (from the 
combustion of sulphur and nitrogen in the soil organic matter) 
are retained in the concentrated sulphuric acid in the Vanier 
bulb H. The si ow stream of air is conveniently drawn through 
the whole apparatus by means of a filter pump operating in 
conjunction with the device for maintaining a constant gentle 
suction (p. 62). 

The details of the apparatus are as follows: 

A. Cas washing bottle containing 40 per cent, potassium 
hydroxide solution. 

B. Gas W'ashing bottle containing concentrated sulphuric 
acid. 

C. Stoppered U tube filled with Ascarite. 

D. Silica combustion tube 104 cm. long and 18 mm. bore. 
This tube can be either transparent silica or translucent, 
with a 20 cm. transparent window section, so that the boat 
can be observed. 
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E. Glass bulb to collect any condensed water vapour, thus 
increasing the life and efficiency of the calcium chloride 
tube G. Throughout the combustion keep this glass bulb 
cool by means of a piece of moistened filter paper. Once 
or twice each day, remove any water which collects in the 
bulb. 

F. Stoppered U tube (Vanier Zinc Tube) filled with zinc 
wire or filings to remove acidic vapours. 

G. Stoppered U tube filled with granular cafcium chloride. 
Each time the calcium chloride is renewed in this tube, 
pass dry carbon dioxide through it for 20—30 minutes, to 
neutralize any basic calcium chloride. Then draw a 
stream of dry carbon dioxide-free air through the tube 
for a further 3 0 minutes, to remove all carbon dioxide. 

H. Vanier Sulphuric Acid Bulb, filled with concentrated 
sulphuric acid. Renew the sulphuric acid in this bulb 
after every 10-15 determinations. 

/. Glass bulb tube with a bulb of about 1 0-1 5 ml. capacity, 
to retain any fine sulphuric acid spray which might other- 
wise be carried over into the Ascarite bulb K. 

K. Midvale Absorption Bulb, Stetser and Norton Modifi- 
cation, filled with Ascarite. To fill this bulb put a 
layer of about half an inch of glass wool in the bottom 
and then add Ascarite until the bulb is almost full. Tamp 
the Ascarite down lightly with a piece of wire, to secure 
an even passage of the carbon dioxide through the ab- 
sorbent. Finally, cover the Ascarite with another small 
plug of glass wool. A drying tube is unnecessary with 
Ascarite as the absorbent acts as its own drying agent, 
having the same drying power as fresh concentrated sul- 
phuric acid. After each refilling with Ascarite, put the 
new absorption bulb in position in the train between the 
Ascarite bulb in use (K) and Z, for 1—2 hours, while 
other combustions are proceeding. Otherwise a freshly 
filled bulb is liable to give low results for the first time 
that it is used, on account of the loss of the water ab- 
sorbed by the Ascarite during the filling of the bulb. 

Z. Stoppered U tube filled with granular calcium chloride. 
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to act as a trap to prevent water vapour from the water 
pump reaching the Ascarite Bulb K. 

Fill the silica combustion tube as follows: 

Make the plug c (Fig. 1 5 ) by rolling a strip of copper gauze 
(40 mesh, 2 cm. wide) and wrapping asbestos paper around it 
until it just fits the bore of the tube. Place this plug in the tube 
immediately to the right of the transparent window section, 
in the position indicated in the diagram. The layer of asbestos 
paper prevents the copper fusing into the silica tube should 
this portion become accidentally overheated. Next pour a 
mixture of wire-form copper oxide and granular copper oxide, 
the latter screened to remove all material finer than 1 mm., 
into the tube and lightly pack it into position. This layer of 
copper oxide should occupy a length of 36 cm.; retain it in 
position by a second plug of copper gauze wrapped as before. 
After this plug is in position insert a loosely rolled piece of 60 
mesh silver gauze, /, 1 0 cm. in length. 

The combustion boat, should have a capacity of about 
7 ml. if a preliminary sulphurous acid treatment is included to 
remove carbonates from the soil sample. Such a boat will be 
about 108 mm. long and can be either silica or porcelain. If no’ 
preliminary treatment with sulphurous acid is required, 
smaller boats can be used. 

The distributor, a, is a copper gauze coil 1 5 cm. long, fitted 
with a projecting copper or nichrome wire for easy removal 
when changing the combustion boats. 

After filling the combustion tube, heat it to a dull red heat 
for about two hours, drawing a slow current of air through it 
to oxidize the copper gauze coils to copper oxide and to decom- 
pose any organic matter (as in the asbestos paper). 

Prefaration of the Soil Sample: 

For this determination use soil which has been ground to 
pass a sieve with round holes 0*5 mm. in diameter. If the 
calcium carbonate content of the soil is less than 0 * 1 per cent, 
it may be disregarded, since the amount of carbon dioxide de- 
rived from it will be equivalent to 0*01 per cent, organic 
carbon or less. Weigh 1—5 g. of soil, depending on the amount 
of organic matter present, into a ^ojnbustion boat, which has 
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been previously ignited and cooled. Transfer the boat to thef:, 
combustion tube and proceed with the determination in the" 
ordinary way, as described below. 

If the calcium carbonate content of the soil is between O' 1 
and 0 ■ 8 per cent., the combustion of the soil can be carried out 
directly, and a deduction made to correspond to the carbon 
dioxide derived from the calcium carbonate. Combustion 
should be carried out for hours, instead of t^ usual period, 
so as to ensure complete decomposition of the calcium carbon- 
ate. In this case, transfer 1-3 g. of soil, depending on the 
amount of organic matter present, to the combustion boat, as 
before. Alternatively, treat the soil with 5 ml. of sulphurous 
acid, as described below for soils containing more than 0 ‘ 8 per 
cent, of carbonate, to decompose the carbonate before the com- 
bustion. This is generally preferable. 

For soils containing more than 0 ' 8 per cent, of calcium car- 
bonate, it is essential to decompose this carbonate by means of 
sulphurous acid before performing the combustion. To do 
this, weigh 1-3 g. of the finely ground soil, depending on the 
relative amounts of organic carbon and calcium carbonate 
present, into a combustion boat (preferably silica) and cau- 
tiously add 5 ml. of a strong solution of sulphur dioxide in 
water (8r-12 per cent.). Allow the reaction to proceed for 
about two hours and then place the boat and its contents in an 
oven at 1 05° C. until dry. When cold add a further 5 ml. of 
sulphurous acid and leave for two hours before drying again. 
If any effervescence is noticed on the second treatment, make 
a third treatment with sulphurous acid, to secure complete 
decomposition of all carbonates. This is rarely necessary. After 
the final treatment carry out the combustion in the ordinary 
way. 

Some soils cannot be treated in the boat with sulphurous 
acid, either on account of excessive calcium carbonate (25 per 
cent, or more) or because of excessive frothing. Treat 1-2 g. 
of such soils, in a small glazed basin, with an excess of sul- 
phurous acid (10— 20 ml.). Leave overnight, then dry at 
105° C. When dry, carefully scrape the soil from the basin 
and transfer it completely to the combustion boat. Wash out 
the basin with three lots, each of about 2 ml, of sulphurous 
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'acid, adding the washings to the boat. Dry the boat and con- 
tents at 105° C., and carry out the combustion as usual. Alter- 
natively, these highly calcareous soils may be treated very ef- 
fectively as follows : Transfer 2-3 g. of soil to a small beaker, 
add 10 ml. of water and bubble sulphur dioxide through the 
suspension, by means of a capillary tube, until all the carbonate 
is destroyed. Then partly evaporate the contents of the beaker 
and transfer them to a combustion boat as before. 

Combustion: 

Place the boat, containing the soil sample, in the combus- 
tion tube in the position shown, and connect the Ascarite ab- 
sorption bulb TL (previously weighed against a tare). Then 
test the whole train to see that all the connexions are air-tight. 

If these are all correct, draw a slow stream of air through the 
apparatus and switch on the combustion furnace, but do not 
apply any heat to that portion of the tube containing the soil 
sample until the copper oxide portion, the silver gauze, and the 
copper gauze distributor, a, are heated just to a dull red heat. 
When this is so, heat the soil sample, gently at first and then 
more strongly, to burn ofP all the organic matter. When com- . 
bustion is complete, as judged by the Ascarite absorption tube • 
beginning to cool down to room temperature after the absorp- 
tion of the carbon dioxide, allow the portion of the tube con- 
taining the soil to cool, keeping the remainder hot if other de- 
terminations are to be made. Continue the stream of air for a 
further five minutes and then remove the absorption bulb K 
for weighing. Connect a second weighed Asrarite bulb in place 
of the first and quickly remove the boat of burnt soil from the 
combustion tube. Replace it with another boat containing a 
fresh soil sample, and proceed immediately with the next de- 
termination. Stop the air stream while the absorption bulb 
and combustion boat are being changed. 

Leave the absorption bulb in the balance case for 15—20 
minutes before weighing, protecting the open side-tube by a 
piece of closed rubber tubing except during the actual weigh- 
ing. The increase in weight corresponds to the carbon dioxide 
absorbed and the percentage of organic carbon in the soil is 
given by: 
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Weight of carbon dioxide absorbed ^ 12 ^ 

Weight of soil used 44 

If calcium carbonate has not been removed, deduct any carbon 
dioxide derived from it from the amount weighed. When it 
is necessary to convert the values obtained for organic carbon 
to organic matter, use the conventional factor 1 • 72. However, 
as mentioned previously, it is preferable to report the value 
directly as “Organic Carbon.” * 

Carry out blank determinations periodically, using pure 
sucrose as a standard. Theoretical results should be obtain- 
able. For determinations on sucrose it is necessary to carry 
out the actual burning more slowly than is necessary for a soil. 

Should the sulphuric acid in the Vanier bulb G become dis- 
coloured during a combustion determination, it indicates that 
volatile organic matter has passed over without being com- 
pletely oxidized. This may be due to the copper oxide in the 
combustion tube not being sufficiently hot or the combustion 
being carried out at too great a rate. If this occurs repeat the 
determination, replacing the sulphuric acid with fresh acid. 


The Determination of Organic Carbon: Walkley 
and Black’s Rapid Titration Method. 

In this method the soil is digested with chromic and sul- 
phuric acids, making use of the heat of dilution of the sul- 
phuric acid. The excess of chromic acid, not reduced by the 
organic matter of the soil is then determined by titration with 
standard ferrous sulphate. Nitrates interfere only if present 
in amounts in excess of one-twentieth of the carbon content. 
Carbonates, even when they constitute 5Q per cent, of the soil, 
do not affect the results. Manganese dioxide may also exceed 
the carbon content by three or four times without introducing 
serious error. Interference due to significant amounts of 
chlorides can be overcome by the addition of an excess of silver 
sulphate to the sulphuric acid as ^^ribed below or a suitable 
correction can be applied if the ^lunt of chlorine is known 
(p. 214). Elementary carbon, su(# as charcoal or coal, is 
tically unattacked in this method so 
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Reagents: 

TV Potassium Dichromate. Dissolve 49 r ^4 g. of reagent 
grade K 2 Cr 207 in water and dilute to 1 litre. ^ 

Sul'^^uric Acid. Not less than 96 per|fiij|^jfe- 
’i'i;^*^R^sphoric Acid, 85 per cent. / - 

,£^ihSn‘^lan^^. Dissolve 0 • 5 g.^iplwi^lairoe in a mix- 
ture of 100 ml. of concentrated sulpMric ^cid ind 20 ml, of 
water. "* 

N' Ferrous Sulphate, Dissolve 2 7 8 ' 0 g, of reagent grad a 
FeS 04 . 7 H 20 in water, add 15 ml. of concentrated sulphuric 
acid and dilute to 1 litre. Standardize by titratifig against 10 "5 
,ml. of N potassium dichromate, as described in the method 

■ given below. The ferrous sulphate solution is quite stable if 
kept under an atmosphere of hydrogen in the reservoir bottle 
of an automatic burette. A very conveni^t" arrangement, 
using a burette with an automatic zero, is shown in Fig. 1 6. 

' TiA 1 1 ' ^ 

Method: 

■ ' iF® this determination the soil sample should be ground 
to a 0 * 5 mm. screen. Transfer a weighed quantity of soil, 
not exceeding 1 0 g. and containing about 1 0-25 mg. of organic 
carbon to'a 5 00 ml. Erlenmeyer flask. Add 1 0 ml. of N potas- 
sium dichromate followed by 20 ml. of concentrated sulphuric 
acid. Where large numbers of analyses have to be carried 

■ out the, dichromate is most conveniently added from a burette 
with an^automatic zero and' the .ailphuric acid from an auto- 
matic, pi^te. Sh^ke by handTor one nainute and leave the 
;flask to stand on a sfet of asbeftos'for about 35^ Ji^i^utes. Then 
add about 200 ml. of 'water, 10 mhjof phospl^^fic acid and 1 
ml. of diphenylamine indicator solutioji. “Titrate by' adding 

f .ferrous sulphate from the autom^ bur^e until the solution 
^ is purple or blue. Continue to add thfe fefrous sulphate in 
small lots of about O’ 5, ml., .until the colour flashes to green. 
This occurs with little ot no warning^^Then add 0 ’ 5 ml. of N 
potassium dichromate .^jUMlgore an excess of dichromate and 
cornplete the titration bJHB^g ferrous sulphate drop by drop 
until the lastteace of bijS|||||lour di^^pears. If more than 8 
ml. of the 10 ml. of ^|^i4n^diclifomAte,on^nally taken 
have been redimed tepeit the jl^stermina- 
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The end point can easily be recognized to within one drop of 
ferrous sulphate. The colour is not always purple on adding 
the indicator at the beginning of the titration, but the purple 


Fig. !6. An automatic burette, with, self-adjusting zero, 
arranged for the preservation of ferrous sulphate solution 
in an atmosphere of hydrogen. 

Suitable pressure from a cylinder of hydrogen is applied through 
stopcock C, the mercury safety valve zCM preventing excessive pres- 
sure. To fill the burette adjust the std|lscf%ks as follows: A open to 
the air (position 2), B closed, C open,, ^ When the burette is nearly 
full close stopcock C. When full, tlifn stopcock B to position 2, 
allowing the hydrogen under pressure to escape through the Bunsen 
valve. The excess of liquid above the zero graduation then siphons 
back. For use, turn stopcocks A and B to position f , as shiji^n. 
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or blue colour always appears just before the end point. The 
original blue colour frequently does not reappear on the addi- 
. tion of 0 • 5 ml. excess of potassium dichromate but it soon re- 

develops after the addition of the first drop or two of ferrous 

] sulphate. 

The colour change is more difficult to follow in the presence 
of larger amounts of .soil and for this reason not more than 1 0 
g. of soil should ever be used for a determination. Large 
j amounts of calcium sulphate (precipitated from calcareous 

. soils) or silver chloride (if silver sulphate is used to prevent 

chlorine interference in saline soils) tend to alter the shades 
of the colours produced. The colour change at the end point, 
however, is still quite sharp and easily recognized. 

Where chlorides are present in amounts not in excess of the 
molecular equivalent of carbon, 1'25 g. of silver sulphate 
^ should be dissolved in each 100 ml. of concentrated sulphuric 

, acid. Twenty ml. of this acid then contain sufficient silver to 

precipitate the whole of the chlorides as silver chloride and so 
■ I prevent their oxidation by the chromic acid. 



Calculation of the Results: 

One ml. of N potassium dichromate is equivalent to 3 mg. 
of carbon. The amount of carbon oxidized, expressed as a 
percentage of the soil, is therefore given by the expression: 
V1-V2 


X 0-003 X 100 


where Vi == volume of N potassium dichromate (10-5 ml.) 
V 2 = volume of N ferrous sulphate, in ml. 
and W = weight of soil taken. 

If the soil contained chlorides and the silver sulphate moffi- 
^i|j»fication was not used, make a correction by deducting one- 
i i twelfth of the percentage of chlorine present from the value 
1 calculated above, as explained on p.' 214. 

Walkley finds that the percentage recovery by this method 
varies from 60 per cent, for some subsoils to 90 or more per 
cent, for peat soil?, taking values obtained by dry combustion 
as the standard of comparison. For the majority of agricul- 
tural surface soils the mean recovery lies between 75 and 80 
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per cent. As the recovery factor varies with soil type it is con- 
sidered undesirable to use a general factor unless it has been 
correlated with the dry combustion values for the soils under 
examination. It is preferable to report the results obtained 
without the use of a recovery factor as “single value” deter- 
minations and designate them “Organic Carbon, Walkley and 
Black values.” 

The Determination of Humic Acid: Eden’s Method. 

The procedure used by A. B. Beck in these laboratories is as 
follows: 

Reagents: 

50 % Sodium Hydroxide. Dissolve 250 g. of sodium 
hydroxide in water and dilute to 500 ml. 

O' IN Hydrochloric Acid. Dilute 17‘5 ml. of concen- 
trated hydrochloric acid to 2 litres. This solution does not re- 
quire standardization. 

0’2N Hydrochloric Acid. Dilute 35 ml. of concen- 
trated hydrochloric acid to 2 litres. This solution does not re- 
quire standardization. 

Standard Acidum Huminicum Solution. Dissolve ap- 
5 proximately 0 ‘ 8 g. of Merck’s acidum huminicum preparation 

i in 25 ml. of 0 '21^ sodium hydroxide by warming for a few 
minutes. Then cool, dilute to about 8 0 ml., and filter through 
a collodion membrane filter. Dilute the filtrate to 200 ml. 
Standardize this solution in the following manner. Pipette 
20 ml. into 10 ml. of 0 ‘ 1 N hydrochloric acid, leave to stand 
overnight and filter through a 9 cm. Whatman No. 41 filter 
paper, which has been previously dried at 1 05° C. and weighed. 
If the filtrate is not clear pass it through the filter a second 
time. Wash several times with small portions of 0 ‘ 0 1 N hyd- 
rochloric acid. Transfer the filter and precipitate to a weigh- 
ing bottle, dry overnight at 1 05 ° G., cool in a desiccator and 
weigh. The increase in weight gives the amount of humic acid 
precipitated from 20 ml. of the standard solution. Make a 
correction for the small amount of humic acid which escapes 
precipitation and remains in the filtrate. To do this, make the 
filtrate alkaline by the addition of 2 ml. of 50 per cent, sodium 
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hydroxide, dilute to 100 ml. and compare the colour with that 
of a standard prepared by diluting 2 ml. of the original stan- 
dard solution to 1 00 ml. after the addition of 2 ml. of 50 per 
cent, sodium hydroxide. From this comparison calculate the 
volume of the standard solution equivalent to the colour of 
the unprecipitated humic acid and deduct this volume from 
the 20 ml. originally taken. 

The colour of standard solutions of humic acid is only stable 
for about 1 0 days. 

Method: 

Transfer 5 g. of soil to a small beaker and add 5 0 ml. of 
0;2N hydrochloric acid or sufficient to decompose all carbon- 
ates and humates. After one hour wash the suspension into 
the centrifuge tube; centrifuge and decant the supernatant 
liquid. Wash the residue thoroughly with two or three lots of 
water, centrifuging to clear the suspension each time. Then 
transfer the soil residue to a large test tube with a graduation 
mark corresponding to a volume of 100 ml. plus the volume 
occupied by 5 g. of soil (say 2 ml.). If more than 75 ml. of 
water are used to transfer the soil from the centrifuge tube to 
the extraction tube add a little 0 T N hydrochloric acid to floc- 
culate the suspension and, when clear, siphon ofF the super- 
natant liquid. 

Add 20 ml. of 50 per cent, sodium hydroxide to the soil 
in the extraction tube. Stir thoroughly to break up all lumps 
and dilute with water to the graduation mark. Then immerse 
the tube in a vigorously boiling water bath for 1 5 minutes, 
keeping the contents of the tube below the surface of the water 
in the bath. Stir continuously during the extraction. 

After 1 5 minutes cool, transfer the bulk of the suspension, 
without dilution, to a dry centrifuge tube and centrifuge until 
clear (about 10-15 minutes). Transfer some of the clear 
supernatant liquid to a colorimeter and compare the colour 
with that of a suitable standard. As a standard use a solution 
prepared by diluting 2-10 ml. of the freshly standardized 
acidum hwninicum solution to 1 00 ml. with 1 per cent, sodium 
hydroxide or use an extract prepared from a soil, the humic 
acid content of which has been accurately standardized. 
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The percentage of humic acid in the soil is given by the 
following expression: 


D, 


XHX 


100 


where ' 

D„ = 

andH = 


= depth of the standard colour solution 
= depth of the unknown colour solution 
= amount of humic acid in 1 00 ml. of the standard 
colour solution. 
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CHAPTER XIII 


FREE FERRIC OXIDE 

The amount of free iron oxides in the soil is often required, 
either for ascertaining its distribution in the profile or for 
studying its contribution to soil colour. Its removal from the 
soil is beset by many difficulties, for acids sufficiently strong 
to dissolve ferric oxide also attack and bring about consider- 
able decomposition of silicate minerals. At the present time 
the best of the available methods yield only approximate, al- 
though useful, values.* 

In Tamm’s method (3) the soil is extracted twice with a 
solution containing oxalic acid and ammonium oxalate and the 
iron brought into solution is determined. The extracting solu- 
tion has a reaction of about pH 3 ' 2. Owing to the attack on 
the clay minerals by a solution of this reaction the method is 
only suitable for light sandy soils. With heavy clays it gives 
unreliable values and it cannot be used for soils containing cal- 
cium carbonate. 

In Drosdoff and Truog’s method (2) hydrogen sulphide is 
introduced into the system. This rapidly transforms the free 
iron oxides into the black sulphides, the reaction being the 
same as that which is used commercially for the removal of 
hydrogen sulphide from coal gas. The iron sulphides are 
readily soluble in cold dilute hydrochloric acid. No attack of 
iron silicates occurs during the treatment with hydrogen sul- 

* Since this was written, Allison and Scarseth have published a biological method for 
the removal of free iron oxides from soils (Allison, L. E. and Scarseth, G. D.: J. Amer. 
Soc. Agron.j 1942, 34, 616-623). The principle of microbial reduction is employed; a 
readily available source of energy, such as sucrose, is added to the soil suspension and the 
latter is incubated under anaerobic conditions. The free iron oxide in the soil is rapidly 
reduced to the ferrous state and passes into solution. When reduction is complete the 
supernatant liquid is siphoned ojff and the residue is leached with a dilute solution of 
sodium chloride, adjusted to pH S'Ovy total iron is then determined in the combined 
extracts. This method appears to be particularly effective in securing the removal of free 
iron oxides from the soil. In contrast to the chemical methods, the biological method 
produces very little attack on alumino-silicate minerals; only small traces of alumina 
and silica are brought into solution. It should, therefore, prove of considerable value 
and warrants further investigation on a wider range of soils. 
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phide but some decomposition takes place during the subse- 
quent extraction with dilute hydrochloric acid. 

While Drosdoff and Truog’s method is a great advance on 
previous methods, experience has shown that the whole of the 
free ferric oxide is not always dissolved in a single treatment. 
For many soils Beck ( 1 ) found it necessary to increase the time 
during which the hydrogen sulphide is allowed to act on the 
soil from 30 minutes to 6 hours and to make two extractions in 
order to remove the colour due to ferric iron, although it was 
recognized that the extended treatment with hydrogen sul- 
phide and the double extraction led to greater attack and de- 
composition of complex silicates containing iron. DrosdoflF and 
Truog’s method, as used by Beck ( 1 ) is given on p. 233. 

Truog and his colleagues (4) have recently introduced a 
further method for the removal and determination of free 
ferric oxide. In this later method the treatment is somewhat 
more drastic since the soil is first boiled with a solution of 
sodium sulphide (pH 12 or thereabouts) and then subjected 
to the action of nascent hydrogen sulphide, liberated by the 
addition of sufficient oxalic acid to reduce the pH of the sus- 
pension to between 6 and 7. The iron sulphides are finally dis- 
solved at an acidity, not greater than pH 3 • 5. Hydrogen sul- 
phide apparently first converts ferric oxide to a yellow iron 
sulphide (FeaSs) which breaks down rather easily to the black 
sulphides, FeS and FeSa. Iron disulphide is much less 
soluble than ferrous sulphide in dilute acids, particularly on 
ageing at a boiling temperature. 

Truog’s sodium sulphide method is more effective than the 
earlier method in removing free ferric oxide but it does not 
eliminate attack on the clay minerals. A single treatment is 
not always sufficient to remove the whole of the free ferric 
oxide. The reaction with hydrogen sulphide depends on the 
state of division and the nature of the iron oxides. If the sur- 
face area is not great the attack will be slow and incomplete. 
Hasmatite, the non-hydrated form of ferric oxide, is much 
more resistant, even in the colloidal form, than the 
hydrated forms such as gothite (Fe203.H20) and limonite 
(Fe203.3H20). However, haematite, when present in soils, 
appears to be brought into solution satisfactorily by this 
method. 
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Truog uses a centrifuge, fitted with special tubes, for sepa- f 
rating the soil and solution during the treatment. In these 
laboratories Hosking has found that this separation can be ; 
more conveniently made by filtering, with gentle suction, 
when many analyses have to be carried out. Details of his 
procedure are given on p. 234. 

In Truog’s method all reagents should be added rapidly, 
except when reducing the reaction of the soil suspension from 
pH 7 to pH 6. It is within this range that nascent hydrogen 
sulphide is produced and, if passage through this range is too 
rapid, the hydrogen sulphide is liberated too quickly for effec- 
tive action. If, on the other hand, too much time is consumed 
in this and the later stages, and the temperature is kept at the 
boiling point, some of the ferric disulphide may become suffi- 
ciently aged to resist solution in the acid. For these reasons 
Truog stresses the necessity for following strictly the details 
of the procedure. In order to subject the soil to several treat- 
ments with nascent hydrogen sulphide, and so secure maxi- 
mum attack on the ferric oxides, the system is carried through 
the pH range of 7 to 6 several times. However, passage more 
than four times through this pH range does not result in any 
appreciable increase in the solution of ferric oxide. For soils 
high in iron it is better to make a second extraction on the 
residue, after removing as much iron as possible in the first 
extraction. The action between ferric oxide and sodium sul- 
phide is more effective in the presence of oxalic acid than 
any of the other common acids. However, because of the diffi- 
culty in destroying excessive amounts of oxalic acid in the sub- 
sequent procedure, hydrochloric acid is used, in part, for all 
soils except those very high in iron oxides. The latter soils 
require more drastic treatment. 

If the residue after the extraction of free ferric oxide is re- 
quired for colour determination or mineralogical studies it 
can be freed from the sulphur, precipitated during the deter- 
mination, by washing twice with 96 per cent, alcohol to remove 
water, four or five times with a mixture of one part of carhop ‘ 
bisulphide and two parts of absolute alcohol, and finally 
several times with absolute alcohol, to remove the carbon bi- 
sulphide. 
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The Determination of Free Ferric Oxide: Drosdoff | 

and Truog’s Method. 

A. B. Beck’s procedure is as follows: Transfer 5 g. of soil to 
a large centrifuge tube and add sufficient 0* 05N hydrochloric 
acid to decompose all carbonates and humates. If the soil con- 
5 tains much carbonate use 0 T N acid. After a short time decant 

’ the acid and wash the residue two or three times with water, 
centrifuging each time to clear the suspension. Transfer the 
. residue to a 250 ml. beaker using about 60 ml. of water. Add 
1 5 ml. of 30 per cent, hydrogen peroxide, or sufficient to give 
a concentration of 6 per cent, in the suspension. Place the 
beaker on a boiling water bath for one hour, or until the dark 
colour due to organic matter has disappeared. Add more hyd- 
rogen peroxide if necessary to complete the destruction of the 
organic matter. Again separate the residue by centrifuging, 
washing once with water. If necessary add a little potassium 
nitrate (about 1-2 g. per 1 00 ml.) to the water used for wash- 
ffigj to assist coagulation. Rinse the residue in the centrifuge 
tube back into the beaker and digest for two hours, on a water 
bath, with 1 50 ml. of 2 per cent, sodium carbonate to remove 
I colloidal silica. Then cool, centrifuge the suspension and 

|; wash several times with the sodium carbonate solution. This 

leaves the soil residue in the sodium-saturated condition and 
facilitates its dispersion. 

After the removal of the soluble silica, disperse the residue 

by rubbing with a rubber pestle in a small mortar, using 2 ml. 
of N ammonia and a little water. Transfer the suspension to 
a 500 ml. Erlenmeyer flask, dilute to about 200 ml. and shake 
overnight in an end-over-end shaking machine. Then pass in 
a slow stream of hydrogen sulphide until the solution is satu- 
rated (about 20 minutes), stopper and shake again for six 
hours. After shaking, warm the suspension to about 50° C. 
and slowly add 0 T N hydrochloric acid until most of the black 
colour, due to iron sulphides, disappears. Then add a further 
50 ml., to ensure an excess of acid, and leave for 10 minutes. 

Cool and transfer to a centrifuge tube and collect the super- 
natant liquid after centrifuging. Wash four times with about 
50 ml. portions of 0-05N hydrochloric acid, decanting each 
, time after centrifuging. Combine the solution and washings. 
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boil to remove hydrogen sulphide, add 5 ml. of eoncentrated 
nitric acid to oxidize the ferrous salts to the ferric state, and 
evaporate to dryness. Continue heating on the water bath for 
30 minutes after the residue becomes dry, to dehydrate the 
silica. 

Take up the residue in 5 ml. of concentrated hydrochloric 
acid and 30-4-0 ml. of water. Filter through a 9 cm. What- 
man No. 44 filter paper and wash several times with hot 5 per 
cent, hydrochloric acid. Collect the filtrate in a 250 ml. 
beaker. When quite cold precipitate iron in this solution by 
means of cupferron (see p. 248). 

For many soils it is desirable to carry out a second extraction 
to secure more complete removal of the free ferric oxide. 
When this second extraction is required, disperse the residue 
from the first extraction by adding 4 ml. of N ammonia and 
rubbing with a rubber pestle. Transfer the suspension to a 
500 ml. Erlenmeyer flask, dilute to about -200 ml., saturate 
with hydrogen sulphide as before and continue exactly as in the 
first extraction. Determine the amounts of iron brought out 
in each extraction separately. 

The Determination of Free Ferric Oxide: Truog’s 
Sodium SulphideMethod. 

J. S. Hosking’s procedure is as follows: 

Reagents: 

Sodium Sulfhide Solution. Dissolve 25 g. of sodium 
sulphide (Na2S.9H20) in 125 ml. of water. 

Oxalic Acid.- Dissolve 1 0 g. of oxalic acid in 100 ml. of 
water. This solution is approximately saturated. 

O' 00 IN Oxalic Acid. Dissolve 0*063 g. of oxalic acid 
in 1 litre of water. 

2N Ammonium Hydroxide. Dilute 150 ml. of concen- 
trated ammonia (S.G. 0*91) to Mitre. 

2N Hydrochloric Acid. Dilute 175 ml. of concentrated 
hydrochloric acid to 1 litre. 

Acidified Sodium Chloride Solution. Dissolve 5 g. of 
sodium chloride in 1 litre of water and add 1 ml. df 2N hydro- 
chloric acid. 

5 % Sodium Chloride Solution. Dissolve 50 g. of sodium 
chloride in 1 litre of water. 
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Indicator Solutions. Brom cresol piarple, cresol red or 
phenol red, brom thymol blue, methyl red, brom phenol blue 
and thymol blue are required. For these solutions see p. 1 27. 

Method: 

l£ the soil is rich in ferric oxide carry out the de- 
! termination on a 2 g. sample but use 5 g. for light sandy soils 
or those low in ferric oxide. 

Transfer 2 g. or 5 g. of soil to a 100 ml. beaker, add 1 0 ml. 
of a 30 per cent, solution of hydrogen peroxide and sujfEcient 
2N hydrochloric acid, drop by drop, to reduce the reaction of 
the suspension to about pH 5, using brom cresol purple as an 
external indicator on a spot plate. Cover the beaker with a 
clock glass and allow to stand overnight. Then place the 
beaker in a boiling water bath for 20 minutes, stirring occa- 
sionally. After this time remove the beaker, add an additional 
10 ml. of hydrogen peroxide and heat as before for a further 
; 20 minutes. If organic matter still persists repeat the treat- 

I ment once more. 

; • " When the organic matter has been destroyed, rinse the cover 
f ' glass and sides of the beaker, dilute to about 25 ml. and boil 
[ for 5 minutes. Remove and rinse the cover glass, place the 

, beaker on the water bath and evaporate the contents to a thin 

paste but do not let it dry out. Dilute with 20 ml. of water 
and again evaporate to a paste to remove hydrogen peroxide. 

Transfer the paste to a 400 ml. beaker, diluting with water 
and cleaning the sides and bottom of the small beaker with a 
rubber-tipped stirring rod. Dilute the suspension to about 
200 ml., add 2 ml. of sodium sulphide solution, cover the 
beaker and boil for 5 minutes. Allow to cool slightly and, 
while stirring, add 2 g. of ammonium chloride. Heat to 
80-90 C. and maintain at about this temperature during the 
whole of the following treatment. Do not boil. Throughout 
the next stages all operations must be carried out expeditiously' 
except in passing from pH 7 to pH 6, the stage in which nascent 
hydrogen sulphide is liberated. The liberation of hydrogen 
sulphide should extend over a minute or two to secure efficient 
reaction between it and the ferric oxides. All reagents must be 
added with vigorous stirring and prolonged standing must be 
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avoided. Owing to the colour and turbidity of the suspension 
all the indicators required must be used as external indicators. 
To avoid undue delays it is desirable to prepare a spot plate 
with several drops of each of the indicator solutions required, 
before commencing the subsequent operations. After com- 
pleting operations rinse the spot plate back into the suspension 
to avoid loss which would otherwise occur. 

Rapidly reduce the reaction of the suspension to pH 7 by 
the addition of oxalic acid, either as finely divided crystals 
or as a saturated solution, drop by drop. . Use cresol red or 
phenol red as an external indicator on a spot plate. Then more 
slowly, during the course of a minute or two, acidify the solu- 
tion to pH 6 by the addition of oxalic acid solution, drop by 
drop (brom thymol blue external indicator). Stir well, add 
4 ml. of sodium sulphide solution and again acidify rapidly to 
pH 7 and more slowly to pH 6 as before. After this second 
liberation of nascent hydrogen sulphide, rapidly acidify to 
pH 3'5 by the addition of oxalic acid (crystals or solution), 
using methyl red or brom phenol blue as the indicator. Stir 
and allow to stand for five minutes or until the black sulphides 
have dissolved. If the suspended material assumes a light 
grey colour, free from red or brown shades, a single further 
treatment will be sufficient. If any red or brown colour is ap- 
parent it denotes undissolved iron oxides and a more prolonged 
treatment is necessary. 

If a single treatment only is required, bring the reaction 
of the suspension back to pH 7 (brom thymol blue) by the 
rapid addition of 2N ammonia, drop by drop, stirring vigor- 
ously. Using 2N hydrochloric acid, added drop by drop, once 
more gradually acidify to pH 6 and then rapidly to pH 3 ' 5. 
Leave for 5 minutes. If the colour of the suspended material 
is now greyish white the treatment is complete. 

If the suspended material still retains a noticeable red or 
brown colour after the first reduction to pH 3 ‘5 bring the 
solution back to pH 7 by the addition of 2N ammonia, add 
2 ml. of sodium sulphide solution and, using oxalic acid, 
acidify through the three stages, as before, to pH 7, 6, and 3 ' 5. 
Add a further 2 ml. of sodium sulphide and repeat the whole 
process. If any reddish or brownish colour still perdsts after 
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5 minutes at pH 3 ' 5 treat once more, using hydrochloric acid 
for the final reduction to pH 3 • 5. If colour still persists it is 
preferable to filter at this stage and repeat the sulphide treat- 
ment on the residue. 

After final acidification to pH 3 ‘ 5 wash down the sides of 
the beaker and cover glass and place the beaker on a water 
bath. Stir frequently until coagulation takes place. Any black 
particles or stainings, due to undissolved iron disulphide, 
may be disregarded as these will go into solution during the 
subsequent peroxide treatment. Filter through a small Buchner 
funnel fitted with a 4’ 5 cm. Whatman No. 50 filter paper, 
using gentle suction. Return the first part of the filtrate to 
the f unnel if it is noticeably turbid. Wash with a 0 * 5 per cent, 
solution of sodium chloride acidified with 1 ml. of 2N hydro- 
chloric acid per litre. Wash three tirdes in all, using about 
20 ml. of solution each time. Return the sample to the beaker, 
washing the funnel and filter paper with the smallest possible 
amount of O’ 00 IN oxalic acid. Add 3-5 ml. of 30 per cent, 
hydrogen peroxide and leave for 10 minutes or until any 
vigorous reaction subsides. With vigorous stirring bring the 
solution to pH 2 by the addition of a saturated solution of 
oxalic acid (thymol blue external indicator). If after 5 
minutes standing solution of iron disulphide is not complete 
warm for a time to 60-70° C. but do not boil. If necessary 
add a few. ml. of 5 per cent, sodium chloride to flocculate the 
suspension. 

Filter through the same funnel and filter paper previously 
used, collecting the filtrate in the flask containing the first 
filtrate. Wash completely with 10-20 ml. portions of the 
acidified 0 ' 5 per cent, sodium chloride solution, draining com- 
pletely between each addition. 

Transfer the filtrate to a 250 ml. evaporating basin, adding 
more as evaporation proceeds until the whole of it has been 
transferred. Evaporate until the volume is reduced to about 
50 ml. Remove from the water bath, cover with a clock glass 
and add , 10 ml. of nitric acid, to destroy the oxalic acid and 
oxidize any sulphur precipitated during the evaporation. 
Digest for about 1 5 minutes on the water bath, remove and 
rinse the cover glass, and evaporate to dryne^. Remove from 


k 
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the bath, add a little water and 5 ml. of nitric acid and again 
evaporate to dryness. Take up in 1 0 ml. of water and 5 ml. of 
hydrochloric acid and evaporate to dryness to convert the nit- 
rates to chlorides. Continue heating for one hour after the 
hydrochloric acid has been expelled, to dehydrate the silica 
completely. Take up in dilute hydrochloric acid, filter off the 
silica and determine iron in an aliquot of the filtrate, exactly 
as described on pages 246 to 249. 
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CHAPTER XIV 


THE SEPARATION AND ANALYSIS OF THE CLAY 

FRACTION 

For characterizing the clay fraction the molecular ratios 

: (Silica: Alumina Ratio) and AUft + FeaOa 

Sesquioxide Ratio) are most useful and little is gained by 
making a more complete analysis. Since ratios only are re- 
quired, the presence of organic matter or an excess of flocculat- 
ing agent in the clay separate is without effect on the values. 

Methods for the separation and analysis of the clay fraction 
were studied by the Soils Sub-Committee of the Agricultural 
Education Association (1). It concluded that the technique 
, of separation of the clay fraction was of greater importance 
j than the methods used for its analysis, since the variations in 
i results obtained in different laboratories could be largely 

j traced to differences in this separation. The customary 

[ methods of silicate analysis were considered satisfactory for ; 

the analysis of the clay separate. 

Particle size affects the composition of the clay. In general, 
clays become less siliceous as the particle size decreases. Al- 

^ though the above mentioned Sub-Committee did not make 
any recommendation regarding an upper limit of particle size 

for the fraction to be separated for silicate analysis, it is gene- 
rally considered that the International Clay Fraction covers 
too wide a range and includes some unweathered silicates. It f ' I 

I is now widely accepted that clay separated according to the old 
British standard, with a maximum particle size corresponding 
to a settling velocity of 8 • 6 cm. in 24 hours ( 0 •000347 cm. per 
sec.), is more suitable. To secure uniformity and enable the 
direct comparison of results this standard fraction should be 
separated for all clay analyses. 

Details of two convenient methods are given below. In the 
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first method dispersion is brought about by pre-treatment of 
the soil with sodium chloride and this method is recommended 
for most soils. The use of hydrogen peroxide may be neces- 
sary for some organic soils but its use inevitably leads to some 
attack of the silicate material. For strongly acid soils Muir 
has suggested the use of neutral sodium acetate, instead of 
sodium chloride, so as to reduce the loss of sesquioxides by 
leaching, particularly after the use of hydrogen peroxide. 
Certain ferruginous and lateritic soils are not satisfactorily dis- 
persed by the sodium chloride method and for these Puri’s 
method of dispersion (2), in which the soil is first boiled with 
ammonium carbonate solution, is recommended. In the 
method recommended for the analysis of the clay fraction 
silica is separated as usual by evaporation with hydrochloric 
acid, iron and aluminium are precipitated and ignited as oxides 
and iron is determined separately after precipitation by cup- 
ferron. 

In these laboratories Dixon and Walkley ( friv. comm.) have 
developed a micro-method in which the determination of silica 
and iron can be carried out on OT g. of clay. Such a method 
enables the direct determination of SiOz and FezOs on 
samples obtained by pipetting from a suspension, as in the 
standard method of mechanical analysis. If a micro-method 
for the determination of aluminium on the same sample could 
be developed the ease of obtaining the clay sample and the 
simplicity of the procedure would enable large numbers of 
aq^lyses to be carried out rapidly. Silica is determined by ob- 
taining the loss of weight on digesting a clay with hydrofluoric 
and sulphuric acids, removing all sulphates remaining at the 
end of the operation by fusion with sodium hexametaphos- 
phate. The method yields results about one per cent, higher 
than usual due to traces of sulphates originally present in the 
clay. However this difference is not important as it is only of 
the same order as the mean error found in the determination 
of silica in different laboratories during the co-operative work 
of the Agricultural Education Association already mentioned. 
After the determination of silica, iron is determined polaro- 
graphically in an aliquot. 
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The Separation of the Clay Fraction; Sodium 
Chloride Method. 

The clay is separated directly from soils with moderate 
amounts of clay (e.g. 20 per cent, or more) but for lighter 
soils it is preferable to disperse the soil more fully at the start 
and concentrate the finer portions by eliminating most of the 
coarse and fine sand fractions before commencing the clay 
decantation. 


Reagents: 

5N Sodium Chloride. Dissolve 585 g. of sodium chlor- 
ide in water and dilute to 2 litres. 

0‘5N Sodium Carbonate. Dissolve 26 ' 5 g. of anhydrous 
sodium carbonate in water and dilute to 1 litre. 

O' SIS! Acetic Add. Dilute 28 ml. of glacial acetic acid to 

1 litre. 

5N Calcium Chloride. Dissolve 1,085 g. of CaCl2.6H20 
or 445 g. of dry CaCl 2 (75 % CaCl 2 ) in water and dilute to 

2 litres. 

Dilute Calcium Chloride. Add 5 ml. of 5N calcium 
chloride to 1 litre of water. 


Method: 


!= x 


(a) For soils with more than 20 fer cent, of clay. 

Weigh out sufficient soil to give approximately 5 g. of clay 
and transfer to a 600 ml. beaker. Add 200 ml. of water and 
boil for 5-10 minutes. While still hot add 75 ml. of 5N 
sodium chloride, stir well and leave to stand overnight. De- 
cant the clear supernatant liquid and discard it. Transfer the 
residue, through a 90 mesh sieve, to a 500 ml. tall shaped 
beaker, graduated at a height of 8*6 cm. above the bottom. 
Rub gently and wash all the clay through the sieve. Reject 
the sandy residue remaining on the sieve. Add 35 ml. of 5N 
sodium chloride to the contents of the beaker, stir well and 
place aside to stand. Decant twice at intervals of 24 hours, or 
after shorter periods of standing, if the supernatant liquid is 
clear. Refill the beaker each time with water. 

Then add 25 ml of 0 ' 5N sodium carbonate solution, fill to 
the 8 • 6 cm. graduation mark and allow to stand in a place of 
reasonably constant temperature and out of direct sunlight. 
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After 24 hours decant, again discarding the supernatant liquid 
if it is still clear. If, however, it is turbid collect it in a 3 litre 
bottle. Refill the beaker with water to the 8 •6 cm. mark, stir 
well and continue the decantations at intervals of 24 hours 
collecting the clay suspension in the 3 litre bottle. As the 
excess of sodium chloride is removed the clay readily defloccu- 
lates. It is preferable to let the first two lots of the heavy clay 
suspensions stand for 48 hours before decantation since the 
concentrated suspensions obtained at this stage may hold up a 
proportion of the coarser particles. Lengthening the period 
of sedimentations avoids this source of error. Moreover, no 
attempt should be made to decant these early suspensions com- 
pletely for, owing to their turbidity, it is impossible to see that 
the sediment at the bottom of the beaker is not disturbed dur- 
ing the decantation. Usually three-quarters of the suspen- 
sion may be poured off with safety. Incomplete pouring off 
increases the number of decantations necessary to separate 
the clay fraction but ensures better separation from coarser 
particles. 

After the first four or five decantations add 2-3 ml. of 
0'5N sodium carbonate solution each time the beaker is filled, 
to assist dispersion. During the course of the decantations the 
soil should be pestled two or three tihies with a rubber pestle 
(p. 65) to hasten the complete dispersion of the clay. Make 
the last two or three decantations with water only. Continue 
the decantations until, after rubbing the residue in the beaker 
with the rubber pestle, only a small amoixnt of material re- 
mains in suspension for 24 hours. 

When all the clay suspenaon has been collected in the 3 litre 
bottle add 25 ml. of 0 ' 5N acetic acid and 25 ml. of 5N calcium 
chloride to flocculate it. After one to two days carefully 
siphon off the clear liquid and transfer the residue to a 9 cm. 
Buchner funnel, fitted with a No. 50 filter paper. Return the 
first runnings to the funnel as the filtrate is always lightly 
turbid at the start. Wash the bottle used for collecting the clay 
separate with one lot of 75 ml. of dilute calcium chloride and 
transfer to the funnel. Then wash the clay in the funnel with 
one lot of 50 ml. of 50 per cent, alcohol and finally with 25 ml. 
of absolute alcohol and allow to dry. When air-dry, remove the 
clay from the filter paper, dry in an oven at 1 05° C. and weigh. 
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Grind in an agate mortar and preserve in a small stoppered 
bottle. 


(h) For soils with less than 20 fer cent, of clay. 
Transfer a quantity of soil sufficient to yield 5-6 g. of 
clay, to a cylinder, add 500 ml. of water, 75 ml. of 5N sodium 
chloride and 25 ml. of 0’5N sodium carbonate. Shake the 
cylinder and contents for two hours and place aside to stand. 
When the supernatant liquid is clear siphon it off as completely 
as possible. Add 300 ml. of water to the residue in the cylin- 
der, shake again for 1 0 minutes, then transfer through a 70—90 
mesh sieve into a tall 800 ml. beaker, rubbing the residue 
thoroughly to ensure mechanical dispersion. Discard the 
sandy residue. When all the fine material has been washed 
through the sieve stir the suspension vigorously and leave 
standing for four minutes, so that the greater part of the fine 
sand will settle in the beaker. Decant the suspension into a 
3 litre beaker. Pestle the residue with a rubber pestle, refill 
the beaker with water to a depth of 1 0-1 2 cm. and again decant 
after 4 minutes. Repeat the pestling and decantation once or 
twice more so as to separate the whole of the clay from the 
sandy residue. 

Add 75 ml. of 5 N sodium chloride to the suspension in the 
3 litre beaker. Stir well and leave to stand until flocculated. 
Siphon off the supernatant liquid, discarding it if it is clear and 
free from clay, but collecting it in a 3 litre bottle if turbid. 
In the latter event flocculate it by adding 25 ml. of 5N calcium 
chloride and 15 ml. of 0'5N acetic acid, after siphoning. 
Transfer the residue from the large beaker to a 500 ml. tall 
shaped beaker, graduated at a height of 8*6 cm. above the 
bottom, and proceed with the clay decantations exactly as de- 
scribed above for soils with more than 20 per cent, of clay. 

The Separation of the Clay Fraction ; Puri’s Ammo- 
nium Carbonate Method. 

This procedure is recommended for ferruginous and later- 
itic soils. 

Reagents: 

N A mmomum Carbonate. Dissolve 7 8—8 0 g. of ammo- 
nium carbonate in water and dilute to 1 litre. 
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0'5N Sodium Hydroxide. Dissolve 20 g. of sodium 
hydroxide in water and dilute to 1 litre. 

NLethod: 

Weigh out sufficient soil to give approximately 5 g. of 
clay and transfer to a 500 ml. tall beaker. Add 250 ml. of N 
ammonium carbonate and boil gently until the volume is re- 
duced to half, covering the beaker for the first few minutes if 
necessary. If much frothing occurs add two or three drops of 
secondary octyl alcohol. 

When the volume has been reduced to half, add 25 ml. of 
0’5N sodium hydroxide (or lithium hydroxide), dilute to 
about 250 ml. with hot water and boil again until the volume 
is once more reduced to half. When cool pour the suspension 
through a 70-90 mesh sieve and collect it in a 500 ml. tall 
shaped beaker graduated at the 8 ’ 6 cm. level as before. Pro- 
ceed with the decantation of the clay as in the sodium chloride 
method given above. 

./' The Determination of Silica, Iron and Alumina in 
the Clay Separate. 

Transfer about T2 g. of the finely ground clay separate 
to a weighed palau basin (with cover) of about 5 0 ml. capadty 
and place the basin and contents in a muffle furnace. Raise the 
temperature to about 900° C. and ignite for 30 minutes at this 
temperature. Cool and weigh as ignited clay. 

Fusion with sodium carionate: 

Add 7—8 g. of sodium carbonate to the ignited clay and 
mix gently with a platinum or horn spatula, wiping the spatula 
on a small portion of the fusion mixture which is held in re- 
serve for this purpose. This mixing does not require to be 
very thorough. Cover the basin and ignite over a Meker 
burner, gradually raising the temperature until the melt be- 
comes quiescent and there is no further ebullition of carbon 
dioxide. This generally requires thirty to forty minutes, but 
this time may be reduced if the contents of the basin are mixed 
a little by swilling, after fusion has occurred. When decom- 
position is complete, remove the basin from the burner and 
place it aside to cool. Heat the lid in order to melt any sodium 
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carbonate that has splashed on to it and so ensure decomposi- 
tion of any adhering clay particles. A palau basin is very 
much better than platinum for this fusion on account of the 
ease with which the fused cake separates from it when cold. 

Place the palau cover in a 250 ml. porcelain basin and add 
sufficient warm water to dissolve any of the melt that may be 
adhering to it. When this has dissolved, remove and rinse the 
cover, wiping it with a small piece of No. 44 filter paper to 
remove the last traces of silica. Pour the wash water from the 
porcelain basin on to the fused cake in the palau basin and allow 
it to stand for about half an hour. Then return the water and 
the disintegrated cake to the porcelain basin and wash the palau 
basin as completely as possible, using another small piece of 
filter paper to assist in the removal of the last traces of the 
fused cake. Cover the porcelain basin with a clock glass and, 
by means of a funnel drawn out to a fine tip and bent so as to 
pass between the lip of the basin and the clock glass, add about 
25 ml. of concentrated hydrochloric acid. This acid must be 
added in small portions at a time, so that loss does not occur 
through the effervescence becoming too violent. Also add 
about 5 ml. of the acid to the palau basin, to dissolve the last 
traces of the fused material in it. So little of the fused residue 
is left in the palau basin after it has been carefully washed that 
there is practically no attack of the basin, such as would other- 
wise occur if appreciable quantities of manganates were left 
in it. 

When the effervescence has ceased, rinse the tip of the 
funnel and remove from the basin. Rinse the clock glass into 
the basin and add the portion of acid used for rinsing the palau 
basin. Finally rinse this latter basin, using another small piece 
of filter paper to assist in cleaning it. If the fusion has been 
properly conducted the solution in the porcelain basin will now 
be clear, except for gelatinous pieces of silica. There will be 
no sign of any unattacked particles of clay. 

Silica: 

Place the porcelain basin on a water bath and evaporate 
the contents to dryness, stirring frequently and breaking up 
the crust of salts that separate in order to hasten the process. 
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To ensure dehydration of the silica continue the evaporation 
for one hour after the last of the hydrochloric acid has been 
expelled, as is indicated by the salts becoming pale in colour. 
When thoroughly dry, remove the basin from the water bath 
and moisten the salts with 6-8 ml. of concentrated hydro- 
chloric acid. Stir gently with the rod, breaking up all lumps, 
and add about 30 ml. of water. Replace on the water bath for 
2-3 minutes to dissolve the salts present. 

Filter through a 9 cm. Whatman No. 44 filter paper, col- 
lecting the filtrate in a small beaker. Transfer as much as 
possible of the silica to the filter by washing the basin once with 
hot water, containing 50 ml. of concentrated hydrochloric acid 
per litre. Then wash the basin twice more, rubbing well with 
small pieces of filter paper to ensure complete removal of the 
silica which adheres tenaciously to the glaze of the basin. 
Return the filtrate to the basin, rinse the beaker and re-evapo- 
rate to dryness, stirring as before, to complete the dehydration 
of the silica. Continue heating on the bath for one hour after 
the salts lose their deep colour. 

While this evaporation is proceeding, complete the washing 
of the main portion of the silica with hot 5 per cent, hydro- 
chloric acid, collecting the filtrate in a 500 ml. volumetric 
flask. About six washings are sufficient. Allow the filter paper 
to drain and transfer to an unweighed platinum crucible. 

When the second evaporation is complete, moisten the salts 
in the basin with about 5-6 ml. of concentrated hydrochloric 
acid and add 40-50 ml. of water. Warm for a minute or two 
on the bath to effect solution and then filter through a fresh 
9 cm. Whatman No. 44 filter paper, collecting the filtrate m 
the volumetric flask containing the washings from the first 
silica separation. Rinse the basin completely, using two small 
pieces of filter paper as before to assist in the removal of the 
last traces of silica. Wash the filter paper as before with hot 
5 per cent, hydrochloric acid. Finally add the filter paper to 
the crucible containing the bulk of the silica already separated. 

Transfer this crucible to a muffle furnace and ignite care- 
fully to char the filters. Then raise the temperature and con- 
tinue the ignition for at least half an hour at the maximum 
temperature of the muffle. Place the lid on the crucible after 
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transferring it to a desiccator, cool, and weigh as “crucible + 
Si 02 + X” 

After weighing, carefully moisten the silica in the crucible 
with a little water, add four or five drops of dilute sulphuric 
acid (1 + 2) and then 5 ml. of hydrofluoric acid or suificient 
to dissolve all the silica. Support the crucible on a triangle over 
a radiation type of hot plate in a fume hood and evaporate 
carefully to dryness. Do not permit the liquid in the crucible 
to boil. Finally ignite for 5 minutes over a Meker burner, 
cool in a desiccator and weigh again as “crucible + x.” The 
loss in weight represents the amount of silica. 

Add about 0 ' 4 g. of potassium bisulphate to the crucible and 
fuse gently over a small flame in order to dissolve the residue. 
When cool add 10 drops {O' 5 ml.) of dilute sulphuric acid 
(I + 2 ) and sufficient water to dissolve the fused cake. Warm 
until solution is complete and add to the contents of the flask 
containing the previous filtrates. Dilute the solution in this 
flask to the graduation mark and mix well. Use aliquots of this 
solution for the determination of : 

(a) Fe 203 + AI 2 O 3 + TiOa 

(b) Fe 203 + Ti 02 (and TiOa separately) 

Iron, Aluminium and Titanium: 

Pipette a suitable aliquot (usually 200 ml.) of the filtrate 
from the silica separation into a 400 ml. beaker and add 1 0 ml. 
of concentrated hydrochloric acid and a few drops of methyl 
red or sofnol red indicator. Then add concentrated ammonia, 
from a dipping pipette, slowly and with constant stirring until 
the point of precipitation is almost reached. Continue the 
neutralization with more dilute ammonia (1 + 5 ) until pre- 
cipitation occurs and the colour of the indicator just changes 
to the alkaline shade. Add a further three drops of dilute 
ammonia and allow to stand for a minute or two to enable the 
colour of the indicator in the supernatant liquid to be seen. 
T+en heat to boiling and boil for 40 seconds. If the red colour 
of the indicator returns add a further one or two drops of 
dilute ammonia, but only sufficient just to change it to the 
alkaline shade. Allow the precipitate to stand for some 
minutes until the bulk of it has settled and then filter through 
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a 9 cm. Whatman No. 41 filter paper. Wash the beaker and 
precipitate three or four times with hot 2 per cent, ammonium 
chloride solution. Return the filter paper and precipitate to 
the beaker, add 10 ml. of concentrated hydrochloric acid and 
macerate the filter paper until solution of the precipitate is 
complete. Then add about 150 ml. of water and a few drops 
of methyl red or sofnol red indicator. Carefully neutralize 
and reprecipitate the iron, aluminium and titanium hydroxides 
exactly as before. 

Filter through an 11 cm. Whatman No. 41 or 541 filter 
paper and wash completely with hot 2 per cent, ammonium 
chloride. Finally rinse the filter and precipitate once with 
warm water and allow to drain. If a 541 paper has been used, 
a filter pump can be used with advantage to drain the filter 
and precipitate. Transfer the filter and precipitate to a weighed 
crucible and ignite in a muffle furnace for 30 minutes after the 
filter paper has been destroyed. When the ignition is com- 
plete, cover the crucible and place it in a desiccator to cool. 
Weigh as AI2O3 + Fe 20 s + Ti 02 . Deduct the amount of 
Fe 203 + Ti 02 found later, in order to obtain the amount of 
AROs. If a significant amount of P 2 O 5 is present it should be 
determined and deducted from the value for AI2O3. 

Iron and Titanium: 

Cupferron precipitations are best made at temperatures 
of about 5° C. Low temperatures tend to yield a more granu- 
lar precipitate, whereas at higher temperatures it becomes 
tarry and difiicult to wash. However, this precipitate can be 
handled satisfactorily up to 12—15° C. Precipitation and 
washing should be carried out without undue delay since the 
excess of reagent decomposes slowly in acid solution even in 
the cold. 

Pipette a suitable aliquot of the filtrate from the silica deter- 
mination (usually 200 ml.) into a 400 ml. beaker and add 30 
ml. of concentrated hydrochloric acid and 25 ml. of macerated 
filter paper suspension ( 5 Whatman ashless filter tablets per 
litre). Cool to room temperature or lower if possible. With 
constant stirring add 5-10 ml. of a freshly prepared 6 per 
cent, solution of cupferron, until on testing a drop on a piece 
of No. 44 filter paper with a drop of potassium ferrocyanide 



minutes through an 11 cm. Whatman No. 41 or 541 filter 
paper, returning the first portion of the filtrate if it is not clear. 
Wash repeatedly with cold dilute hydrochloric acid (1 + 10) 
containing 20 ml. of 6 per cent, cupferron solution per litre. 
Finally wash once with water and then four or five times with 
dilute ammonia (1 + 10) to remove most of the cupferron. 
If a 541 paper has been used it may be drained very com- 
pletely by the use of a filter pump and this considerably assists 
the subsequent ignition. Transfer the filter and precipitate to 
a weighed crucible, ignite as usual, cool, and weigh as Fe 203 4- 

TiOa. 

Titamum: 

After the iron and titanium precipitate has been ignited 
and weighed transfer it to a 100 ml. silica basin, rinsing the 
crucible with water. Add 20 ml. of dilute sulphuric acid 
( 1 4- 1 ) and 5 ml. of concentrated hydrochloric acid. Heat 
over a hot plate or radiation type heater at a low heat, until 
fumes of sulphuric acid begin to appear. Cool, dilute with 30 
ml. of water, warming if necessary to dissolve any salts, trans- 
fer to a 1 00 ml. volumetric flask and dilute to about 90 ml. 

When cold add 1 ml. of 30 per cent, hydrogen peroxide 
and dilute to the mark. Compare the colour so obtained with 
a suitable standard colour solution derived from a standard 
titanium sulphate solution (see p. 143). 

Calculation of the Results: 

Express the values for silica, iron and alumina as per- 
centages of the ignited clay and divide each value by its mole- 
cular weight to obtain the gram molecular percentage. 

(a) Gram molecular percentage of Si02 

Weight of SiOg 100 
""" Weight of ignited clay 60*0 

(b) Gram molecular percentage of Fe203 

Weight of Fe203 Total volume of solution ^ 100 

“"Weight of ignited clay ^ Volume of solution taken 159*7 

(c) Gram molecular percentage of AI2O3 

Weight of AI2 O3 Total volume of solution IQO 

Weight of ignited clay ^ Volume of solution taken ' 102*0 
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From these values calculate the following molecular ratios: 

. . ' SiOg ^ 

AI2O3 ^ 

^ SiOg _ a 
FegOs + AI2O3 b + c 
KcgO^ b 
AlgOs c 
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PART II 


CHAPTER I 

THE COLLECTION AND PREPARATION OF 
PLANT SAMPLES 

The proper collection of plant samples is quite as important 
as the use of reliable methods for their subsequent analysis. 
Unless a sample is truly typical of the material which it is in- 
tended to represent, the analytical results are of little or no 
value, however carefully they may be determined in the 
laboratory. The exact details of sampling in the field will 
depend upon the type of material and the purpose for which 
the sample is required. In studying the influence of such 
factors as the stage of growth, cultural practice, manurial 
treatment, or grazing, on the mineral composition of a crop 
or pasture, the whole of the plant material from selected areas 
will be required. In other investigations, designed to compare 
the composition of different species of plants growing on 
various soil types, the material sampled should be restricted 
to pure species, all cut at comparative stages of growth. This 
is important since the mineral composition of all plants varies 
with the stage of growth and, in general, decreases as maturity 
is approached. Very young growth is always much richer than 
older material in total ash and in the individual mineral con- 
stituents. The different plant species also differ markedly in 
their mineral composition. In mixed pasture samples both 
botanical composition and stage of growth are variables, and 
care must be exercised in interpreting the analytical results 
from such samples. Different species recover at different 
rates after grazing or cutting and, in many long range experi- 
ments, this may bring about big changes in the botanical com- 
position of successive samples of the pasture. 

When it is necessary to harvest experimental plots for both 
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yield and chemical composition the number and size of the 
areas cut on each plot must be chosen so that the significance 
of the results can be determined statistically. Material from 
such experiments is frequently subdivided bo tanically into 
subsamples, prior to analysis. When a composite sample is 
to be collected from a field it is usually taken by cutting small 
areas at random and combining the material. If it is desired 
to investigate the effect of soil type on the composition of the 
plant such samples are preferably restricted to a small area 
typical of the field and a composite soil sample is also taken to 
represent the same area. 

In connexion with grazing experiments it is desirable to cut 
the pasture samples so as to simulate the grazing animal as 
closely as possible. At the Waite Institute the pasture is cut, 
by means of hand shears or a modified sheep shearing machine, 
about half to three-quarters of an inch above the level of the 
ground. Any attempt to cut the herbage closer to ground 
level destroys the plant as well as increases contamination of 
the sample by soil. On each plot a number of areas of say 
5 X 2 ■ 5 links are selected at random and the herbage cut from 
each is lightly packed into separate open mesh bags and trans- 
ferred as quickly as possible to the laboratory. The herbage of 
each sample is thoroughly mixed and divided into a number 
of subsamples, such that each weighs approximately 100 g. 
(green weight). After consulting a table of random numbers 
one of these samples is put aside for botanical analysis. The 
botanical separation should be carried out as soon as possible 
after cutting. The remaining subsamples are bulked and dried 
rapidly at 60° C. in an oven through which a strong current of 
air is drawn. Drying is completed in another oven at 1 00° C. 
and, from the dry weights obtained, the yield is calculated. 
The botanically separated samples are dried in a similar 
manner and their weights added to those of the other samples. 

After drying, the botanical separates from the individual 
areas cut on each plot are bulked to form a composite sample 
for that plot and this sample is used for chemical analysis. To 
reduce the amount of analytical work involved, the samples 
from replicate plots are also combined at this stage. If there 
are many replicates the sample may be inconveniently large 
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for grinding and, in such cases, it is further reduced by quar- 
tering (p. 255). 

Suitable precautions must always be taken to avoid con- 
tamination of the sample by soil. When possible the plants 
should be cut individually at a height sufficiently above ground 
level to avoid serious contamination. The height at which the 
sample can be cut depends on the material being harvested and 
the purpose for which it is required. Xall crops, such as cereals, 
can be cut at a somewhat greater height than pasture samples, 
without introducing serious errors, due to the material left 
standing. The freshly cut material should be picked over by 
hand to ensure freedom from soil particles. Any dust or soil 
adhering to the lower leaves should be brushed off. If, owing 
to the uneven surface of the soil, cutting is difficult and lumps 
of soil become mixed with the sample, such badly contami- 
nated parts should be discarded. All samples should be picked 
over again before grinding, as during drying small amounts 
of soil become detached from the plant material. Owing to 
the loss, by solution, of some of the more soluble inorganic 
constituents it is not permissible to wash plant samples to re- 
move soil contamination. 

When it is necessary to cut the sample at ground level, as 
in many pot experiments, the individual plants should be 
broken apart at their bases and any adhering soil particles re- 
moved by careful brushing with a camel hair brush. 

In considering the possible effects of contamination of the 
sample, the nature of the soil and the purpose for which the 
analysis is required are important and these will, in general, 
determine the stringency with which contamination must be 
avoided. For example, a small amount of contamination with 
a sandy soil is not likely to affect significantly the values for 
calcium^ or magnesium in the plant sample whereas admixture 
with a similar amount of a calcareous soil would cause a greater 
error for these elements. Soil contamination will not in- 
validate values for an element like potassium as much as those 
for elements such as iron and aluminium, since the former 
occurs in relatively greater amounts in the plant than in the 
soil while the reverse is true for the two latter elements. In 
determinations involving the so-called trace elements, man- 
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ganese, copper, zinc and boron, rigid precautions must be taken 
to avoid contamination with soil. Particular care should be 
exercised in collecting samples after top-ciressing with fer- 
tilizers containing these elements, since significant amounts of 
them may be retained as a fine dust on the leaves of the plants. 
The amounts of the trace elements normally present in plants 
are so small that the error from this source may, under some 
conditions, be considerable. In plants such as cereals and 
grasses the fine dust, from the fertilizers applied, may collect 
between the leaf sheath and the stem and persist for a consider- 
able time. To avoid all possibility of contamination, plant 
samples should not be handled at the same time as, nor trans- 
ported in proximity to, fertilizers containing the element or 
elements under investigation. 

The analytical results sometimes indicate the probability of 
contamination of the sample with soil. In this connexion 
Aston ( 1 ) has suggested that the amount of aluminium present 
in the plant sample is a valuable guide to the degree of con- 
tamination of the sample. Aluminium is not generally 
recognized as an essential element for plant growth and only 
small amounts are present in normal plant materials. High 
values are indicative of contaminated samples. 

All samples should be dried as rapidly as pssible after col- 
lection so as to reduce chemical and biological changes to a 
minimum. Considerable loss in dry weight may occur, due to 
respiration, while proteins are also broken down to simpler 
nitrogenous compounds, if drying is unduly delayed. When 
green material has to be transported long distances to the 
laboratory before drying it should be lightly packed in loosely 
woven bags. Tight packing may lead to considerable over- 
heating, so increasing respiration losses and other changes. 

Green material should be dried in a well ventilated oven so 
that the water vapour is rapidly removed from the immediate 
vicinity of the sample. The material to be dried should be very 
loosely packed in open shallow trays, otherwise free move- 
ment of the moisture-laden air is impeded. Failure to secure 
good ventilation leads to considerable decomposition of some 
of the organic constituents of the sample. Rapidly dried 
samples are always a much brighter green colour than those 
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badly dried. Drying Js most conveniently carried out at a 
temperature of 60-70° C. in a large steam heated oven so ar- 
ranged that a strong current of warm air is continuously forced 
through the oven. If dry weights are required drying can be 
finished in another oven at 100° C. Samples for the deter- 
mination of copper or zinc should not be dried in drying ovens 
made of copper or brass, unless these ovens are completely 
protected with a suitable synthetic lacquer, to prevent metallic 
contamination of the sample. Drying ovens made of stainless 
steel are particularly suitable for the drying of samples for 
most trace element determinations. 

Before grinding, bulky samples are best reduced by quarter^ 
ing until a convenient amount of material is obtained. The 
material should be handled carefully to avoid excessive sepa- 
ration of leaf, stem and seed. If the individual parts of the 
plants become badly separated it makes it more difficult to sub- 
sample the material accurately, since the different parts of the 
sample tend to segregate. When large samples are sufficiently 
reduced by quartering the subsample is chaffed and further 
reduced by quartering until an amount of 150-250 g. is ob- 
tained. The material is then ready for grinding. 

The fineness of grinding depends upon the size of the sub- 
samples to be taken for chemical analysis. For many purposes 
it is sufficient to grind the material until it passes through a 
sieve with round holes 1 mm. in diameter. If amounts of only 
1-2 g. are to be weighed for the individual chemical deter- 
minations it is better to grind the sample somewhat finer so 
that it will all pass through a sieve with rovmd holes about 0 ‘ 5 
mm. in diameter. This gives a more homogeneous sample. 

Two mills can be recommended for grinding plant samples. 
These are the Wiley Mill and the Christy and Norris Junior 
(C. & N. Mill). Grinding is best carried out on the oven- 
dried material but, except in very humid localities, both of 
these mills will grind air-dry samples very satisfactorily. 

In the Wiley mill, grinding is accomplished by the action of 
a set of steel knives revolving against another set of knives 
mounted in the circular outer casing of the grinding chamber. 
One of three interchangeable brass sieves (2 mm., 1 mm. and 
0'5 mm. round holes) can be fitted into the lower part of this 
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outer casing. Material to be ground is fed in at the top of the 
mill and carried around between the blades of the revolving 
and stationary knives until it is sufficiently fine to drop through 
the holes of the sieve at the bottom. The finely ground mate- 
rial is collected in a drawer below the sieve. This mill grinds 
plant material with a minimum amount of heating. 

In the C. & N. Junior Mill the grinding is accomplished by 
a four armed beater-cross which revolves freely and at high 
speed (12,500 r.p.m.) in a plain circular grinding chamber. 
At this high speed any plant material, fed through the feed 
inlet, is shattered or torn until it is sufficiently fine to pass 
through a small iron screen plate clamped in the periphery of 
the grinding chamber. Several interchangeable screen plates 
are supplied with the mill. Those with holes 0'4 mm. and 
1 mm. in diameter are most useful. Owing to the centrifugal 
action of this mill a considerable amount of air is drawn 
through it when in operation. It is therefore necessary to use 
a dust tight receptacle to collect the ground sample. For most 
purposes reinforced cellulose extraction thimbles, as supplied 
with the mill, are very suitable. These can be readily brushed 
clean between samples. For larger samples silk collecting 
sleeves are also supplied. The small size and the simplicity of 
the grinding chamber and beater make this mill very easy to 
clean between samples. It is also particularly valuable when 
only small amounts of material are available for grinding. 

Special precautions must be observed when grinding plant 
materials for certain analytical determinations. It is not per- 
missible to use a steel mill for grinding samples in which iron 
is to be determined since the amount of iron derived from the 
mill during grinding is sufficient to give entirely erroneous 
values. In such cases an aliquot of the original sample should 
be ground by hand, in an agate or porcelain mortar, and used 
for the iron determination. Alternatively the material can be 
ground in a C. & N. mill made entirely in bronze, phosphor 
bronze or other non-ferrous alloy. Steel mills are permissible 
when manganese is to be determined. The amount of man- 
ganese derived from the steel is insufficient to affect the value 
significantly. The same remarks apply to cobalt. 
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When it is necessary to determine copper or zinc, very 
special care must be exercised to avoid contamination owing to 
the widespread use of brass, an alloy containing both of these 
elements. The amounts of copper and zinc normally present 
in plants are so small that the slightest contamination would 
invalidate the results. Copper and brass must be rigidly ex- 
cluded from any part of the grinding mill. The use of a 
Wiley mill with standard brass sieve may cause the copper 
content of the finely ground plant sample to be increased 
several-fold. Providing that steel screens are used and the 
brass thumb screws and feed tray are replaced by steel or stain- 
less steel, the C. & N. mill is very suitable. The mill should 
never be used with brass fittings, at any time, if it is to be used 
for trace element work. The Wiley mill can also be adapted 
if the brass sieve is replaced by one constructed entirely of iron 
or steel. Wide-stemmed funnels frequently used for trans- 
ferring ground samples to the sample bottles should be either 
glass or aluminium. The latter m.etal is very serviceable. 

The metals available preclude the use of any single grinding 
mill when both copper and iron are to be determined. The 
material must either be ground by hand in an agate or porce- 
lain mortar or two separate samples must be ground in appro- 
priate mills. 

After grinding, all plant samples are mixed thoroughly, 
transferred to suitable bottles, labelled clearly and tightly 
corked. For the individual chemical determinations the 
finely ground air-dry material is spread out in a thin layer and 
grab samples of suitable weight are taken. These are oven- 
dried, in weighing bottles, immediately before weighing for 
analysis. This procedure is preferable to the determination 
of the moisture in the air-dry sample and the use of the value 
so determined for all subsequent calculations to the oven-diy 
basis, since the moisture in the bulk sample may vary con- 
siderably with changes in atmospheric humidity. 

REFERENCE 

(1) Aston, B. C.: Neza Zealand J, Agric,^ 1922, 36^ 22-27, 



CHAPTER II 

METHODS FOR THE ASHING OF PLANT j 
MATERIAL I 

Before the inorganic constituents of plant substances can be 
determined it is generally necessary to destroy the organic 
matter. The methods used to bring about this result fail 
into two main groups, which may be described as “wet ashing” 
and “dry ashing” respectively. Wet ashing includes those 
methods in which the destruction of the organic matter is 
brought about by oxidation in a liquid medium, while dry j 
ashing refers to processes in which the sample is ignited. The 
sample may be ignited alone or after moistening with sul- 
phuric acid, in which case a sulphated ash is obtained. At other 
times it may be ignited with certain basic substances (e.g. lime), 
or salts which on ignition yield basic substances (e.g. acetates 
and nitrates of calcium and magnesium). The most common 
methods of wet ashing include the digestion of the sample 
with mixtures of sulphuric and nitric acids, or sulphuric, nitric 
and perchloric acids. 

Dry ashing must always be carried out at as low a tempera- 
ture as possible and the operation cannot be hurried. To ob- 
tain a good ash, free from excessive amoimts of carbon, re- 
quires considerable experience and patience. Some elements 
may be lost if the ashingis carried out at too high a temperature. 
High temperatures also favour the formation of complex sili- 
cates which are not readily soluble in hydrochloric add, even 
after prolonged digestion. It is probable that many of the 
apparent losses of the inorganic constituents during ashing are 
due to this cause (4). Fusion of some of the salts of the ash 
may occur if the temperature is too high and these fused salts 
surround partides of unburnt carbon, so excluding the air and 
preventing their free, combustion. If ashing is carried out too 
quickly, deflagration occurs, produdng excessive local heating 
within the glowing mass. , Some analysts prefer to treat the 
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sample with sulphuric acid before ashing so as to obtain a sul- 
phated ash, which is less fusible than ordinary ash. However, 
this does not prevent the formation of varying amounts of 
dilScultly soluble silicates, particularly those of the trace ele- 
ments. 

No loss of phosphorus occurs during the ashing of most 
plant materials, provided that the temperature does not exceed 
600 C. However, when ashing seeds or other plant materials 
low in basic constituents, the sample should be thoroughly 
mixed with calcium or magnesium acetate or nitrate, prior to 
ashing. Xhe acetates are recommended in preference to the 
nitrates^ since. the strongly oxidizing action of the latter may 
cause violent deflagration, with considerable rise in tempera- 
ture of the ash. In the presence of added magnesium salts 
Ashton ( 1 ) has shown that the temperature may reach 800° C. 
without loss of phosphorus. Chlorine and sulphur are largely 
lost during ashing unless a basic substance such as lime or 
sodium carbonate is intimately incorporated with the material 
before ashing. 

_ No matter how carefully the ashing is carried out, the 
siliceous residue, left after digestion of the ash with hydro- 
chloric acid, always retains small amounts of some of the con- 
stituents. In particular, significant amounts of the trace ele- 
ments are strongly retained, even after prolonged digestion 
with hydrochloric acid and they can only be recovered by 
alkaline fusion or by solution of the silica in hydrofluoric acid. 
In many cases more than one-quarter of the total amounts of 
manganese, copper and zinc have been found in the insoluble 
residue. While the absolute amounts are not sufficient to 
affect signficantly the value for silica, the errors in the deter- 
minations of the individual elements will be serious unless the 
adsorbed ^amounts are recovered. Treatment of the plant 
sample with sulphuric acid or magnesium salts, prior to ashing, 
does not prevent this retention by the silica. 

Plant ash always contains greater or smaller amounts of 
residual carbon, depending upon the care and skill with which 
the ashing has been carried out. Carbonate is also a variable 
constituent. In some plant ashes it is present in considerable 
quantity whereas in others it is practically absent and the bases 
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are left as silicates or oxides. Its presence depends on the 
nature of the ash and it may also be considerably affected by 
slight differences in the temperature and other conditions dur- 
ing ashing. The value for crude ash as ordinarily determined 
is therefore somewhat variable and there is little point in its 
accurate determination. Quantitative values are only of gene- 
ral interest. However, ashing must be carried out carefully 
to ensure accurate values for each of the individual con- 
stituents. When a complete analysis is made the most reliable 
value for total ash is the sum of the individual constituents. 

When a more accurate value for total ash is required than 
that given by crude ash the carbon-free ash can be determined. 
A carbon-free ash is obtained by extracting the crude ash with 
water, igniting the residue until free from carbon, returning 
the aqueous solution to the basin, evaporating and re-igniting. 
The value so obtained may still be affected by a variable 
amount of carbonate. To avoid this the value for sulphated 
ash is sometimes preferred. 

For many determinations methods of wet ashing are prefer- 
able to, and more convenient than, dry ashing. Since the oxi- 
dation is carried out in solution in an acid medium, the tem- 
perature cannot exceed the boiling point of the mixture usedj 
complex insoluble silicates are not formed, and all bases are 
obtained in solution in the excess of acid. When sulphuric or 
perchloric acids are used the silica is completely dehydrated 
and left in a form in which adsorption is at a minimum. Such 
small traces of ^ny of the other plant constituents are retained 
by the silica that it is only necessary to dissolve it in hydro- 
fluoric acid for the most exacting work. 

In the wet digestion methods the greater part of the oxygen 
required for the oxidation is supplied by the nitric acid. For 
the most efficient use of this nitric acid, digestions must be 
carried out at a low temperature, thus avoiding excessive losses 
by evaporation in the early stages. Perchloric acid consider- 
ably assists the digestion since it appears to break down some of 
the organic compounds into simpler compounds, which are 
then more readily oxidized by the nitric acid. A small amount 
of perchloric acid is sirfficient for this purpose j the bulk of the 
oxidation is carried out by the nitric acid. In the presence of 


ASHING OF PLANT MATERIALS 261 

perchloric acid much smaller quantities of nitric acid suffice 
for the digestion. Perchloric acid also prevents the excessive 
frothing which so frequently occurs when nitric and sulphuric 
acids alone are used. Instead of perchloric acid, a concentrated 
solution of sodium perchlorate may be used (6) provided that 
it is not necessary to determine sodium in the digest. When 
sodium perchlorate is used an equivalent amount of extra sul- 
phuric acid is usually desirable. For each digestion 8 ml. of a 
solution of sodium perchlorate (550 g. dissolved and made to 
1 litre) and 1 ml. of sulphuric acid are equivalent to 4 ml. of 
perchloric acid (S.G. I "54). Since sodium perchlorate is very 
much cheaper than perchloric acid its use leads to considerable 
economies. It also ofiFers special advantages in the determina- 
tion of the trace elements, since it can be purified from them 
in such a simple and convenient manner (see p. 331), thus 
avoiding the necessity for purifying perchloric acid by distilla- 
tion. In many laboratories perchloric acid is regarded as a 
dangerous reagent. The anhydrous acid explodes spontane- 
ously on contact with organic matter. Aqueous solutions are, 
however, very stable and possess no oxidizing properties in the 
cold. For instance, cold aqueous solutions will not oxidize 
ferrous salts (3) . Provided that reasonable care is taken, and 
that certain precautions are observed, perchloric acid may be 
used with complete safety for the digestion of plant materials. 
According to Kahane (3) these maybe digested with nitric and 
perchloric acids alone but the addition of sulphuric acid in- 
creases the convenience and safety of the digestion. One im- 
portant function of the sulphuric acid is said to be that of a 
diluent for the perchloric acid, regulating the vigour of the 
attack and promoting smooth decomposition of the organic 
matter. When carrying out digestions in its absence, Kahane 
recommends the use of a big excess of perchloric acid, appa- 
rently to prevent overheating. In the author’s opinion it is 
very desirable to carry out the later stages of the digestion in 
the presence of sulphuric acid since this less volatile acid pre- 
vents overheating towards the end of the digestion, when the 
volume is reduced. Unless sulphuric acid is present at this 
stage the perchloric acid and ammonium perchlorate, which 
remain at the end of the digestion, may decompose with explo- 
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sive violence, either through contact with charred organic 
matter or the walls of the flask, if these become overheated. 
To avoid its accidental omission at a later stage, it is preferable 
to add the sulphuric acid at the commencement of the diges- 
tion. When so added the digestions require less supervision. It 
is desirable to use as much sulphuric acid as the subsequent 
analytical operations will permit. Five ml. is usually a very 
suitable quantity but for some determinations smaller quanti- 
ties only are permissible (e.g. 2 ml. for copper and 3 ml. for 
phosphorus). Sufficient nitric acid should always be used to 
effect the greater part of the oxidation of the organic matter 
originally present. The digestion should, of course, be carried 
out slowly to avoid wasteful loss of nitric acid by evaporation. 
If the material to be digested is very rich in fat or oil, this 
should be largely destroyed by a preliminary digestion with 
nitric and sulphuric acids before the addition of perchloric 
acid. 

The perchloric acid method of digestion has been used ex- 
tensively in many different laboratories. In these laboratories 
many hundreds of digestions have been carried out by the 
technique described on p. 272. The silica which separates 
retains only the faintest traces of iron, copper, manganese and 
the other trace elements. This makes the perchloric acid 
digestion the most suitable method for the determination of 
these elements. 

Details of the most common methods for the ashing of 
plant materials are given below. Several factors will govern 
the choice of the method to be used for the destruction of the 
organic matter. Among these may be mentioned the con- 
stituents to be determined in the plant material, the equip- 
ment and facilities available, and the personal preference of 
the analyst. Dry ashing is tedious and lengthy. If only one 
muffle furnace is available, the number of samples that can be 
handled is strictly limited. On the other hand the simple 
equipment necessary for wet digestion makes it possible to 
.7 )^^ out a large number of digestions at one time. For the 
i| chemical determination of phosphate and nearly all the metal- 
lic cations, digestion with sulphuric, nitric and perchloric acid 
is strongly recommended. 
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Drying and Weighing of Samples for Ashing. 

Since all results are to be expressed on an oven-dry basis it 
is preferable to weigh the sample in the oven-dry form imme- 
diately prior to ashing or digestion. Owing to the hygroscopic 
nature of dry plant material, drying and weighing are most 
conveniently carried out in a weighing bottle. 

Soread out the finely ground sample on a piece of glazed 
paper or sheet rubber, mix thoroughly with a spatula and take 
several small portions at random, to give a true subsaraple. In 
this way transfer a suitable weight of the air-dry sample to a 
weighing bottle, dry in an oven at 105° C. for 12-16 hours 
and cool in a desiccator. When cool, weigh the sample and 
weighing bottle. Then transfer the sample to the appropriate 
silica dish or digestion flask and weigh the empty weighing 
bottle. The difference corresponds to the weight of the oven- 
dry sample taken for ashing or wet digestion. Use this value 
for all calculations. 

Dry Ashing. 

_ This, method is recomme.nd £d for the determination of 
^a and for the preparation of a solution of the ash for the 
determination of calcium, ma gnesium, potassium and s^churn, 
when it is not desired to use’a wet digestion method’f or these 
latter elements. Phosphorus can be determined in the solu- 
tion provided that the ash is naturally high in basic constituents 
and the ashing is carried out at a low temperature. Wet diges- 
tion with nitric, sulphuric and perchloric acids is, however, 
strongly recommended in place of dry ashing for the deter- 
mination of phosphorus and also for the trace elements. Dry 
ashing, without the addition of a basic substance, cannot be used 
for the determination of chlorine. 

Transfer a weighed quantity of the oven-dried plant mate- 
rial to a flat shaped silica basin which has been previously 
weighed.^ For the determination of single elements 5-10 g. 
of material are usually sufficient. If, however, an acid solu- 
tion of the ash is to be made for the determination of several®|.i 
constituents, take 25—50 g. of oven-dried material. The silica ?' - 
basin should be sufficiently large to hold the required amount. 

Support the silica basin on a triangle, sufficiently far above 
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a gas burner turned very low, or a hot plate, so that the 
material slowly chars. This operation must be carried out 
very slowly, particularly if more than 3-4 g. of dry matter 
are being ashed. When sufficiently charred, transfer the basin 
to a muffle furnace at a temperature of about 300° C. Stand 
the basin on a small triangle on the floor of the muffle to avoid 
overheating. Do not allow the muffle to become too hot but 
keep the temperature down so that the charred material only 
glows faintly when the door of the muffle is partly opened. If 
the temperature rises too much the sample burns too rapidly 
and this leads to further increase in the temperature with, 
perhaps, some local fusion of the ash, loss of volatile con- 
stituents or the formation of difficultly soluble silicates. Allow 
the ashing to proceed slowly and when no more glowing carbon 
can be seen, gradually raise the teniperature of the muffle to a 
very dull red heat (about 500— 550 C.) but do not exceed this 
temperature. A dull red glow should be just visible m the 
darkened muffle. When several samples are being ignited at 
once, occasionally change their positions in the muffle, to 
secure more uniform conditions of ignition. 

If the ashing is carried out carefully the resulting ash is 
greyish white or grey and contains only small amounts of un- 
burnt carbon. It is lightly sintered together but shows no other 
signs of fusion. The porous structure should not be disturbed 
during ashing, since it allows free access of air into the mass. 

If the weight of crude ash is required, cool the silica dish 
and its contents in a desiccator and weigh. 

Solution of the Ash and Sefaration of Silica: 

When cold carefully moisten the ash j^ith a little water, 
cover the basin with a clock glass and cautiously add 40 ml. of 
dilute hydrochloric acid (1 + 1), pouring the acid into the 
covered basin so as to avoid any loss by effervescence. Place 
the basin, still covered, on a water bath and digest for 20-30 
minutes. Remove and rinse the cover, add 1 ml. of nitric 
acid to oxidize any ferrous salts and evaporate the contents to 
dryness. Continue heating for half to one hour on the bath, 
I to dehydrate the silica. If necessary heat for one hour in an 
air oven at 1 1 0° C. to complete the dehydration. 
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Moisten the dried salts with 1 0 ml. of dilute hydrochloric 
acid (1 + 1 ), add a further 50 ml. of water and warm on the 
bath until all soluble salts are in solution. Filter through an 
] 1-1 2 • 5 cm. Whatman No. 44 filter paper collecting the filt- 
rate in a volumetric flask of suitable size (usually 500 ml. 
when ashing 25—50 g. of material). Transfer the insoluble 
residue from the basin to the filter, using a rubber tipped stir- 
ring rod to remove particles of silica adhering to the sides of 
the basin, and wash completely with hot dilute hydrochloric 
acid (1 + 19). 

When the filter paper containing the insoluble residue has 
been fully washed transfer it to a weighed platinum basin and 
carefully ignite it to remove the filter paper and any carbon 
present in the crude ash. Finish the ignition at a bright red 
heat, cool and weigh as insoluble residue. This insoluble resi- 
due consists essentially of silica and gives a value sufficiently 
accurate for most purposes. However, it contains small 
amounts of other elements which, while not significantly af- 
fecting the accuracy of the silica determination, should be 
recovered and added to the hydrochloric acid solution of the 
ash. Moisten the insoluble residue with water, add 2—3 drops 
of sulphuric acid and approximately 10 ml. of hydrofluoric 
acid for each 0 ' 5 g. ,of silica. Evaporate slowly over a hot 
plate in a fume hood but do not allow the solution to boil. 
Continue the evaporation until fumes of sulphuric acid are 
produced. Do not remove the sulphuric acid completely, 
otherwise some of the iron and aluminium may be rendered 
insoluble again. When cold add 2 ml. of dilute hydrochloric 
acid ( 1 + 1 ) and a little warm water. Transfer the solution to 
the volumetric flask containing the filtrate previously obtained. 
Dilute the solution to the mark on the flask and use suitable 
aliquots for the determination of such elements as calcium, 
magnesium, potassium, sodium and manganese. This solution 
may also be used for the determination of iron, copper and zinc 
provided that suitable precautions are taken to avoid the acci- 
dental introduction of any of these elements, either during 
manipulation or in the reagents used (see p. 305). 
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Ashing with the Addition of Sulphuric Acid. 

This method is recommended for the ashing of plant mate- 
rials when the constituents are to be determined spectrochemi- 
cally, since sulphates are the most convenient salts to use in the 
electric arc used to excite the spectra. If properly sulphated 
prior to ashing, the plant ash so obtained is non-basic. When 
plant materials are ashed without sulphating a basic ash is ob- 
tained and slight attack on the silica basin occurs, no matter how 
carefully the ashing is carried out. Sulphated ash, being less 
fusible and non-basic, is practically without attack on the silica 
basin during ashing. Except for ashes unduly high in potas- 
sium the glaze of the basin is not impaired in the slightest, even 
after repeated use. 

After drying in a weighing bottle, transfer a suitable quan- 
tity of the finely ground material, usually 5 g., to a flat bot- 
tomed silica capsule, add 1 ml. of concentrated sulphuric acid 
for each gram of dry matter, mix well with a fine glass rod and 
leave overnight, during which time the mass usually becomes 
semi-fluid. Place the capsule over an electric hot plate and 
heat gently at a low heat, watching to avoid any tendency to 
froth over. Continue the gentle heating until the mass chars 
and dries out somewhat. When nearly dry break up the lumps 
with a glass rod and wipe the rod with a scrap of filter paper, 
to remove any material adhering to it. Now heat the capsule 
more strongly, to fume off as much of the sulphuric acid as 
possible. Finally transfer the capsule to a muffle furnace at an 
incipient dull red heat (about 500-530° C., a red colour being 
just visible in the darkened muffle) and keep at this tempera- 
ture for 2 hours or until all the carbon is burnt off. During 
the operation keep the door of the muffle slightly open, leav- 
ing a gap of about 1 cm. at the bottom. When the ashing is 
completed, cool in a desiccator and weigh to obtain the amount 
of sulphated ash. 

When ashed by this method only a small amount of carbon 
is left and, after thorough mixing, the ash is suitable for use in 
the spectrographic arc without further treatment. Most ashes 
are grey in colour but plant materials high in potassium yield a 
white ash. 

If it is desired to use ash obtained by this method for chemi- 
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cal determinations dissolve it in hydrochloric acid exactly as 
described on p. 2 64 . The preliminary treatment with sulphuric 
acid does not prevent the retention by the silica of small 
amounts of other substances, particularly the trace elements. 
For accurate work recovery of these, by solution of the silica in 
hydrofluoric acid, is still necessary. 


Ashing with Sulphuric Acid: Alternative Method. 

This method is recommended when a solution of the ash is 
required for chemical determinations, provided that it is not 
necessary to determine the amount of silica. The silica is dis- 
solved in hydrofluoric acid and volatilized during the ashing. 
In this way two operations are combined and retention of other 
elements by the silica is avoided. 

After drying in a weighing bottle, transfer a suitable quan- 
tity of the finely ground material (generally 1-5 g.) to a plati- 
num basin and add sufiicient dilute sulphuric acid (1 + 5) to 
correspond to 1 ml. of sulphuric acid for each gram of dry 
matter. Stir well so as to moisten completely and rinse the rod 
with a little water. Heat gently over a radiation type hot 
plate until the mass dries out and chars. When thoroughly 
charred break up the lumps with a glass rod and wipe the rod 
with a scrap of filter paper, to remove adhering material. Heat 
the platinum basin more strongly to drive off as much sul- 
phuric acid as possible and then transfer to a muffle furnace at 
a temperature of about 450° C. Gradually raise the tempera- 
ture until red is just visible in the darkened muffle. (Incipient 
dull red heat, 5 0 0-5 3 0° C. ) Continue the ignition at this tem- 
perature for about one hour or until most of the carbon is 
burnt off, keeping the door of the muffle slightly open at the 
bottom. 

When the ashing is completed moisten the cool ash with a 
little water, add 5 drops of concentrated sulphuric acid and 
3—5 ml. of hydrofluoric acid. Volatilize the silica by evaporat- 
ing gently to dryness over a hot plate^ taking care to avoid boil- 
ing the solution. When dry, ignite in a muffle furnace for 1 0 
minutes at 500—530° C. to remove the last traces of carbon. If 
carbon still persists add a few drops of sulphuric acid and heat 
for a further 5-10 minutes. When all the carbon has been de- 
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stroyed, take up the residue in 5 drops of concentrated sulphuric 
acid, 2-3 drops of hydrofluoric acid and 2 ml. of water. Digest 
gently and fume carefully over a hot plate to remove all hydro- 
fluoric acid but do not fume off the sulphuric acid completely. 
Take up in 2-10 ml. of constant boiling-point hydrochloric 
acid and 1 0-20 ml. of water. Warm on a water bath to ensure 
complete solution. Use this solution for the determination of 
the metals required. 

Ashing with the Addition Magnesium Acetate. 

■ During ignition magnesium acetate is converted to mag- 
nesia and this prevents the loss of acidic constituents, such as 
phosphoric anhydride, from plant materials (e.g. seeds), the 
ash of which is low in bases. Magnesium acetate is preferable 
to magnesium nitrate since nitrates cause deflagration during 
the ignition. The ash obtained in the presence of added mag- 
nesia is said to be more readily soluble in hydrochloric acid, but 
the silica may still retain significant amounts of the trace ele- 
ments. For the accurate determination of these elements, 
solution of the silica in hydrofluoric acid is usually necessary. 
The most useful application of this method is for the deter- 
mination of phosphorus, when it is not desired to use a wet 
digestion method. ' 

After drying in a weighing bottle transfer a suitable quan- 
tity of the finely ground material to a flat shaped silica basin. 
Add 3-5 ml. of magnesium acetate solution (40 g. of mag- 
nesium acetate dissolved and diluted to 100 ml.) for each 
gram of dry material taken, taking care that all the material is 
brought into contact with the solution. Heat gently over a 
radiation type hot plate, slowly increasing the heat until the 
mass chars. Transfer to a muffle furnace at a temperature of 
about 300° C., supporting the basin on a small silica triangle on 
the floor of the muffle. Continue the ashing as described on 
p. 264. Use the ash so obtained for the determination of 
phosphorus (p. 295). 

Ashing with Lime. 

For the determination of chlorine the addition of some 
alkaline substance, such as lime or sodium carbonate, is neces- 
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sary before ashing, to prevent the considerable loss of chlorine 
which may otherwise occur. Ashing is more easily carried out 
if lime is used. The lime must be free from chlorine and is 
most conveniently prepared by heating reagent grade calcium 
carbonate in a muffle furnace. 

Transfer a suitable quantity of the oven-dry material 
(usually 3-5 g.) to a 100 ml. silica basin, mix well with one- 
quarter of its weight of finely divided calcium oxide and suffi- 
cient water to give a thin paste. Dry the mixture on a water 
bath and ash slowly in a muffle furnace commencing at a low 
temperature, just sufficient to char the mass. Gradually raise, 
the temperature until a very dull red heat (about 550° C.) is 
reached but do not exceed this temperature. Use the ash so 
obtained for the determination of chlorine (p. 297). 



Ashing with the Addition of Sodium Hydroxide. 

For the determination of boron in plant materials it is 
usually recommended that sodium hydroxide be added to the 
material before ashing, to prevent loss of boric acid. Boric acid 
is volatile with steam and some loss may even occur during 
oven-drying, unless the sample is distinctly alkaline. For this 
determination it is therefore necessary to use fresh material. 
The following procedure is essentially that of Dodd (2) and 
has been used in these laboratories for the determination of 
boron in apples and pears. 

Transfer about 250 g. of the freshly minced sample to a 
capacious platinum basin and add 20 ml. of a freshly pre- 
pared 10 per cent, solution of sodium hydroxide. Mix the 
sodium hydroxide into the sample, transferring the mixture to 
a silica basin and returning it to the platinum basin, to ensure 
thorough mixing. Dry overnight in an oven at 1 05° C. 

At the same time determine the amount of moisture in the 
fresh sample by drying duplicate portions of 60-80 g. in an 
oven at 105° C. for 48 hours. 

After drying the sample in the platinum basin, transfer it to 
a muffle furnace, standing the basin on a small triangle on the 
floor of the muffle to prevent overheating. Commence ashing 
at a low temperature so as to char the mass slowly. As the 
volatile constituents are driven oflF, slowly increase the tern- 
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perature so that a very dull red heat (530-550° C.) is reached 

to 2 hours after starting the ashing. Maintain the muffle 
at this temperature for a further 3-4 hours so that the mass is 
charred completely. The muffle temperature must be con- 
trolled carefully and not allowed to rise above a very dull red 
heat. A considerable amount of carbon remains at this stage of 
the ashing. 

Extract the charred residue with three portions, each of 
30-40 ml., of hot water and filter through a 9 cm. Whatman 
No. 44 filter paper, collecting the filtrate in a 100 ml. volu- 
metric flask (boron-free glass) . The filtrate is frequently 
light brown to straw coloured. A stronger colouration indi- 
cates that the preliminary charring has not been sufficiently 
complete. 

After the extraction of the soluble portion transfer the filter 
paper and the charred residue to the original platinum basin, 
dry in an oven and re-ash in a muffle furnace at a dull red heat 
(580-600° C.) until the ash is practically carbon-free. This 
usually takes about 4 hours. 

While this further ashing is proceeding transfer the filtrate 
to a second platinum basin and evaporate it nearly to dryness 
on a water bath. 

When the ash is as carbon-free as possible, extract it again 
with three lots of hot water, using portions of 1 5 ml., 1 0 ml. 
and 1 0 ml. respectively. Filter through another 9 cm. What- 
man No. 44 filter paper and collect the filtrate in the original 
1 00 ml. volumetric flask. Add one drop of phenolphthalein 
and make the filtrate just slightly acid by the addition of about 
1 0 ml. of dilute hydrochloric acid (1 +3), avoiding any loss 
by effervescence. Transfer the contents of the flask to the 
basin containing the evaporated residue from the first filtrate 
and rinse the flask twice with water. Continue the evaporation 
to small bulk. The excess of base in the first filtrate restores 
alkalinity and prevents loss of boric acid. 

Return the filter papei; and any residue to the first platinum 
basin and complete the i^ition of any small amounts of car- 
bonaceous material remaining. When cool add 5 ml. of dilute 
hydrochloric acid (1 +3), cover the basin with a clock glass 
and digest on the water bath for about 1 5 minutes. Do not let 
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the acid solution evaporate. By this time the second filtrate 
will have been evaporated to small volume. Transfer the 
hydrochloric acid solution of the ash to this basin, covering 
the latter to prevent loss by effervescence. Then add further 
amountsof dilute hydrochloric acid (1+3) xmtil the solution 
is just acid to litmus paper. Digest for 1 5 minutes then remove 
the clock glass. If necessary evaporate until the volume is 
about 40 ml. but do not prolong this evaporation, since boric 
acid may be lost if the solution is allowed to become more 
concentrated. 

Filter through a 9 cm. Whatman No. 44 filter paper and 
collect the filtrate in the 100 ml. volumetric flask previously 
used. Wash once with warm water containing 10 drops of 
dilute hydrochloric acid and complete the washing with small 
portions of warm water, so that the filtrate does not exceed 
80-85 ml. Use this solution for the determination of boric 
acid (p. 315). 


Wet Digestion with Sulphuric and Nitric Acids. 

This method is sometimes used for the destruction of or- 
ganic matter prior to the determination of phosphorus. How- 
ever, the method has little to recommend it owing to the large 
amounts of nitric and sulphuric acids used and the excessive 
amount of sulphuric acid remaining at the end of the diges- 
tion. The latter interferes with many determinations and pre- 
cludes the use of more reliable gravimetric methods for phos- 
phorus. The details given below are essentially those described 
by Richards and Godden (5) . 

_ After drying in a weighing bottle, transfer a suitable quan- 
tity of the finely ground material to a 300 ml. flat bottomed 
Kjeldahl digestion flask. The quantity taken may vary from 
1-10 g. If required for the volumetric determination of 
phosphate it should contain approximately 7-30 mg. of phos- 
phoric anhydride if possible. Add 10 ml, of concentrated sul- 
phuric acid and 10 ml. of nitric acid. If more than 2 g. of 
plant material are taken, use 20-30 ml. of nitric acid, or suffi- 
cient to make the sample fluid. Digest carefully over a low 
flame or a radiation type hot plate at low heat (120-150 
watts) , avoiding excessive frothing. The reaction is extremely 



rjz SOIL AKD PLANT ANALYSIS^^^^^^^ 

vigorous in the early stages. The heating must he cautious and 
be interrupted if necessary to prevent the contents of the flask 
frothing into the neck. When more than 2—3 g. are taken for 
digestion, keep a large beaker of cold water at hand and plunge 
any flasks showing excessive frothing into the water. The cool- 
ing effect rapidly brings the frothing under control. 

Continue the digestion at low heat until brown fumes cease 
to be evolved and much of the water is driven off. Allow the 
flask to cool, add a further 5 ml. or, if digesting large amounts 
of organic matter, 1 0 ml. of nitric acid and continue the diges- 
tion until white fumes of sulphuric acid are produced. Repeat 
the addition of nitric acid until a clear and colourless digest is 
obtained. Complete the digestion by heating at the full heat 
of the hot plate (500-600 watts) for 3-5 minutes. When cold 
dilute with about 5 0 ml. of water. The solution so obtained can 
be used for any determination with which the sulphuric acid 
does not interfere. 

Wet Digestion with Sulphuric, Nitric and Perchloric 
Acids. 

On account of the rapidity and ease with which this diges- 
tion is carried out, the relatively small amounts of reagents 
used and the non-retention of other substances by the silica, 
this method of digestion is most valuable for the accurate de- 
termination of nearly all of the ash constituents. Since it is not 
easy to remove the silica quantitatively from the digestion 
flask this is determined separately when required. If redis- 
tilled acids are used, this method is also the most suitable 
technique for the determination of the trace elements. The 
digestion is carried out in a flask and risk of contamination by 
extraneous matter during ashing is thus completely elimi- 
nated. The precautions to be taken in the determination of 
trace elements are discussed on p. 305. 

Provided that the sulfhuric acid is not omitted there is no 
danger of explosive decomposition of perchloric acid or am- 
monium perchlorate at the end of the digestion, when digest- 
ing ordinary plant materials including most seeds. With 
seeds very rich in fats or oils it may, however, be necessary to 
carry out a preliminary digestion with nitric acid. 
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After drying in a weighing bottle transfer a suitable quan- 
tity of the finely ground material to a 300 ml. flat bottomed 
Kjeldahl digestion flask. For the determination of a single 
element 1— 5 g. is usually a suitable amount but up to 10 g. 
may be taken if necessary. Add 4 ml. of perchloric acid (S.G. 
1 ■ 54) and sufficient nitric acid to ensure complete oxidation of 
the organic matter ( 1 5 ml. for quantities up to 2 g. and 7 ml. 
for each additional 1 g.) . Then add 2-5 ml. of sulphuric acid. 
The larger amount of sulphuric acid is preferable provided 
that it does not interfere with the subsequent determinations. 
For such determinations as copper and phosphoric anhydride 
smaller amounts only are permissible and these amounts are 
indicated under the respective determinations. At least 2 ml. 
of sulphuric acid should always be present as this ensures a 
sufficiency of an acid of high boiling point to prevent overheat- 
ing of the digest in the later stages, after the nitric acid has 
been expelled. In the absence of sulphuric acid, local over- 
heating of the digest at this stage may lead to decomposition of 
the ammonium perchlorate with explosive violence. 

After the addition of the perchloric, nitric and sulphuric 
acids, mix the contents of the flask by swilling and heat gently 
at a low heat ( 120-1 5 0 watts) on a hot plate of the open radia- 
tion type (e.g. Gilmer heater) for 3-5 minutes or until the first 
appearance of dense brown fumes. If a Bunsen burner is used 
it must be turned very low. When dense brown fumes appear 
remove the flask from the heater for about five minutes to 
allow the initial vigorous reaction to subside. Then replace 
the flask on the heater and continue the digestion slowly, and 
at low heat, until the appearance of dense white fumes of sul- 
phuric acid. If there is any tendency to bump remove the flask, 
add two small glass beads and continue the digestion. 

, The rate of digestion is important. If the temperature of 
the heater is too high wasteful loss of nitric acid occurs before 
oxidation of the organic matter is completed, while too low a 
temperature unduly prolongs the time required for the diges- 
tion. When 25-30 ml. of nitric acid are used the digestion 
should take approximately 90-100 minutes to reach the fum- 
ing stage. If the nitric acid is boiled off too rapidly oxidation 
is not complete and the liquid in the flask becomes black with 
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charred organic matter. If this occurs remove the flask, add a 
further 1-2 ml. of nitric acid and continue the digestion at a 
slower rate. 

Continue the digestion, at low heat, for 5—1 0 minutes after 
the appearance of the dense white fumes of sulphuric acid 
then digest fora further 1 -2 minutes at the full heat (50 0-6 0 0 
watts) of the hot plate. If the digestion is complete the liquid 
will be colourless at this stage. Any sign of carbonization indi- 
cates incomplete digestion. In such a case add 1—2 ml. of nitric 
acid and digest again to fuming. When cold, dilute the digest 
with 50-75 ml. of water and use the solution for such deter- 
minations as are required. 

Micro-Digestion with Sulphuric, Nitric arid Per- 
chloric Acids. 

This method, used by Walkley (6) for the polarographic 
determination of zinc and other trace metals in plant materials, 
is also of value when the small amounts of plant materials 
available necessitate the use of micro-methods for their analy- 
sis. The digestion is very rapid and can be completed in 45-5 0 
minutes. The precautions to be taken in the determination of 
trace elements are discussed on p. 305. 

Take approximately 1 g. of the finely ground air-dry 
sample, dry overnight at 105° C. in a small weighing bottle, 
cool in a desiccator and weigh. Transfer the weighed sample 
to a 50 ml. micro-Kjeldahl digestion flask. Add 10 ml. of 
nitric acid, 2 ml. of a mixture of equal volumes of sulphuric 
and perchloric acids and a drop of kerosene to pre- 
vent frothing. (Alternatively, 3 ml. of a mixture, con- 
sisting of 1 volume of sulphuric acid and 2 volumes 
of a 50 per cent, aqueous solution of sodium per- 
chlorate, may be used instead of the sulphuric-perchloric 
acid mixture.) If necessary to prevent bumping, particu- 
larly in blank determinations, add one or two small glass 
beads to the flask. Support the digestion flask on a porcelain 
ring and heat gently over an open radiation type of hot plate 
at a low heat. A vigorous reaction, accompanied by the evolu- 
tion of copious red fumes, generally sets in immediately but 
the drop of kerosene prevents persistent frothing. This initial 
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reaction becomes quieter after a few minutes and digestion 
then proceeds smoothly until the nitric acid is nearly com- 
pletely boiled off. When fumes of perchloric acid begin to 
appear a second vigorous action sets in. The onset of this 
vigorous action is fairly sudden and it only lasts for a minute 
or two. Continue the digestion, still at low heat, for a further 
5-1 0 minutes then raise the temperature to the full heat of the 
hot plate so that the refluxing of the sulphuric acid takes place 
at the base of the neck of the flask, or higher. Continue with 
this vigorous heating for about 5 minutes to dehydrate the silica 
thoroughly. When completed, the digest consists chiefly of 
the I ml. of sulphuric acid originally added. The hot liquid is 
yellow-green but becomes colourless on cooling, unless rela- 
tively high in manganese. In the latter case a distinct pink 
colouration persists. 

Some charring may occur after most of the nitric acid has 
been expelled and perchloric acid fumes begin to appear but 
the carbon which separates is usually oxidized within a minute 
or two. If it persists, however, add 2—3 ml. of nitric acid and 
continue with the digestion as usual. Charring is particularly 
likely to occur if the digestion is carried out too rapidly and the 
nitric acid is boiled off in the early stages. The temperature 
of digestion should be such that it takes 35-45 minutes to 
reach the stage of the second vigorous reaction. 

Use the digest for the micro-chemical determination of such 

elements as are desired. 
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CHAPTER III 


THE DETERMINATION OF THE MORE COM- 
MON INORGANIC CONSTITUENTS OF PLANTS 

SILICA 

In the method of ashing given on p. 263 the insoluble 
residue is determined and this value is generally sufficiently 
accurate for silica, provided that ashing has been carried out 
carefully and at a low temperature. It is a little higher than 
the true value, on account of the small amounts of other ele- 
ments retained by the silica. Small amounts of silica are also 
derived from the silica capsules used for ashing, owing to 
attack by the basic constituents of the ash. If it is necessary to 
determine the silica more accurately the same method can be 
followed, ashing a smaller sample of material (2— 5 g.), in a 
porcelain or platinum capsule, weighing the insoluble residue, 
volatilizing it with hydrofluoric acid and igniting strongly at 
this stage to expel all sulphuric acid. The loss in weight then 
corresponds to the silica. In the usual method of ashing, in 
which the preparation of the solution of the ash is the prime 
consideration, the final ignition is omitted, to avoid rendering 
insoluble the iron, aluminium and other substances recovered 
from the silica. 

Silica can also be determined by the nitric-sulphuric-per- 
chloric acid method of wet digestion (p. 272), if the digestion 
is carried out in a tall beaker so that the silica, which adheres to 
the walls of the digestion vessel, can be cleaned off and re- 
covered. This method gives silica in a high state of purity, 
without the need for volatilizing it with hydrofluoric acid 
However, digestion in a beaker is not quite as convenient as in 
a Kjeldahl digestion flask. 

CALCIUM AND MAGNESIUM 

Owing to the presence of phosphates in plant ash, precau- 
tions must be taken to avoid their interference with the deter- 
mination of calcium and magnesium. If calcium oxalate is pre- 
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cipitated in neutral or alkaline solutions of the ash, calcium and 
magnesium phosphates will also be precipitated. The oxalate 
must therefore be precipitated under conditions which pre- 
clude the co-precipitation of the alkaline earth phosphates. 
These requirements are fulfilled by carrying out the precipita- 
tion in a weakly acid medium, as in McCrudden’s original 
method. Calcium oxalate is completely precipitated under con- 
ditions as acid as pH 4. At pH 4-5 calcium and magnesium 
phosphates are not precipitated, hence the whole of the calcium 
separates as oxalate. The precipitate formed at this reaction 
will include fer ric phosphate, from the iron present in the ash, 
but this does not interfere with the volumetric determination 
of calcium, by titration of the oxalate with standard potassium 
permanganate. 

To obtain quantitative precipitation of the calcium as oxa- 
late and a good separation from magnesium, the reaction at the 
time of precipitation must be carefully controlled. Chapman 
(1) carries out the precipitation at pH 4 using brom cresol 
green as an internal indicator. The varying proportions of 
phosphates present in different samples of plant ash affect the 
buffer capacity of the solutions and R. E. Shapter prefers to 
control the reaction at the time of precipitation, by varying the 
amount of sodium acetate present, using methyl red as an in- 
ternal indicator. If much magnesium is present significant 
quantities may still be co-precipitated with the calcium oxa- 
late. In accurate work the precipitate should be dissolved 
and reprecipitated at the same reaction, to avoid this error. 

Magnesium is determined by precipitation as magnesium 
ammonium phosphate in the filtrate from the calcium preci- 
pitation, citrate being used to prevent the separation of any 
traces of iron and aluminium remaining in solution. The 
method is simple and convenient but is subject to two sources 
of error. In the first place the magnesium ammonium phos- 
phate precipitated in this method is not constant in composi- 
tion, owing to the excess of ammonium salts present in the 
solution. This error can be reduced by carrying out the pre- 
cipitation in hot solution as described, or it can be eliminated 
altogether by solution of the precipitate and reprecipitation 
from cold solution. The other source of error arises from the 


*78 SOIL AND PLANT ANALYSIS 

precipitation of manganese ammonium phosphate with the 
magnesium precipitate, thus giving high values for mag- 
nesium, particularly if much manganese is present in the plant 
ash. A small part of the manganese is precipitated as oxalate 
and determined with the calcium. The larger part of the 
manganese is, however, precipitated with the magnesium. If 
necessary a correction can be applied for this by determining, 
colorimetrically, the amount of manganese present in the ig- 
nited precipitate. 

When the amount of phosphorus in the plant ash is known, 
it can be quantitatively removed from solution, by precipita- 
tion as ferric phosphate. Manganese can also be removed by 
oxidation to hydrated manganese dioxide and calcium and 
magnesium then determined in the phosphate-free solution. 
The method used by R. E. Shapter in these laboratories is 
given on p. 281. This method is applicable to a wider range 
of plant materials than the first method and gives more accu- 
rate values for calcium and particularly for magnesium. All 
phosphates present are precipitated as ferric phosphate at pH 
5-6 after the addition of a calculated amount of ferric 
chloride, sufficient to combine with them. The small excess 
of iron is also precipitated as ferric hydroxide at this reaction. 
The ferric chloride solution should be measured to the nearest 
millilitre, so keeping the excess as small as possible and re- 
ducing the bulk of the precipitate to be handled. In calculating 
the amount to be added the small amounts of iron and alumi- 
nium, naturally present in the plant ash, are not taken into 
account. During the separation of the phosphate by this 
method the solution should not be boiled, nor heated for un- 
duly long periods, since prolonged heating causes the iron pre- 
cipitate to become slimy and difficult to filter. Before separat- 
ing the iron predpitate by filtration, manganese is also preci-- 
pitated as hydrated dioxide, using bromine water and con- 
trolling the acidity within narrow limits. The precipitate of 
iron, aluminium, phosphorus and manganese is then filtered 
off, rcdissolved and reprecipitated, to recover the small 
amounts of calcium and magnesium readily occluded by it. 
Having obtained a solution free from iron, aluminium, man- 
ganese and phosphorus, calcium is precipitated as oxalate and 
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magnesium as magnesium ammonium phosphate or preferably 
hydroxyquinolate. If magnesium is precipitated as hydroxy- 
quinolate, sodium and potassium can be determined in the 
filtrate from the magnesium precipitation, since no sodium 
salts have been used in the method. After the removal of 
ammonium salts and the destruction of hydroxyquinoline, by 
treatment with nitric acid and subsequent ignition, the solution 
is completely free from substances which might interfere with 
the determination of the alkalies. The determination of cal- 
cium, magnesium, sodium and potassium in the one sample is 
of particular value when only a restricted amount of material 
is available. In general, however, it is preferable to determine 
sodium and potassium in separate aliquots of the original 
solution. 

xJfhe Determination of Calcium and Magnesium. 

When the amount of phosphorus present has not been deter- 
mined the following method is used by R. E. Shapter in these 
laboratories. 

Reagents: 

Oxalic Acid. Dissolve 25 g. of reagent grade oxalic acid 
in water and dilute to 1 litre. 

Amfnonium Oxalate. Dissolve 1 7 g. of ammonium oxa- 
late in 500 ml. of water, to give a solution which is approxi- 
mately saturated at room temperature. 

Sodium Acetate. Dissolve 250 g. of sodium acetate 
crystals (NaG2H302.3H20) in water and dilute to 500 ml. 

Sodium Citrate. Dissolve 50 g. of purest sodium citrate 
in water and dilute to 500 ml. 

Sodium Phosphate. Dissolve 50 g. of sodium phosphate 
(Na 2 HP 04 . 12 H 20 ) in water and dilute to 500 ml. 

Method: 

For this determination it is generally conv^eiiient to use an 

amount of solution corresponding to about 5 g. of the original 
plant material. Pipette a suitable aliquot of the silica-free 
solution of the plant ash (p. 264) into a 250 ml. beaker, add 
3 10 ml. of concentrated hydrochloric acid and 1 drop of 
methyl red indicator solution. 
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Calcium-, 

Neutralize the solution just to the full yellow colour of 
the indicator, by the careful addition of dilute ammonia 
(1 + 4-), adding the ammonia slowly, and with constant stir- 
ring, so as to avoid the precipitation of calcium and magnesium 
phosphates through excessive local alkalinity. Carry out this 
neutralization in the cold. Then add dilute hydrochloric 
acid (1 +4) until the indicator just changes to red. After 
5-1 0 minutes add an excess of 1 0 ml. of dilute hydrochloric 
acid (1 +1 9) followed by 1 0 ml. of oxalic acid solution. Boil, 
and by means of a dip pipette, add 1 0 mi. of a hot solution of 
ammonium oxalate, adding the reagent drop by drop, with 
constant stirring, to the boiling solution. Keep boiling for 
1-2 minutes so as to assist the formation of a coarse grained 
precipitate. A precipitate may not always form at this stage. 
Its formation depends on the reaction and the amount of cal- 
cium present. The reaction is somewhat variable, due to the 
diflFering buffer capacities of different samples. 

Allow the solution to cool and, when cold, neutralize to 
pH 5 so as to precipitate, or complete the precipitation, of 
calcium oxalate. To do this add sodium acetate, drop by drop 
and with constant stirring, until the indicator shows its inter- 
mediate orange to pink tint. The colour should have a ten- 
dency to red rather than yellow. If the acidity is reduced too 
much add a few drops of acetic acid until the proper colour 
is obtained. 

After adjusting the reaction to pH 5, allow the solution to 
stand overnight, then filter through a 9 cm. Whatman No. 44 
filter paper. Wash the precipitate with cold water until 
chlorine free. If much magnesium is present in the original 
sample, dissolve the precipitate in warm dilute hydrochloric 
acid and, when cool, neutralize and reprecipitate exactly as in 
the first precipitation. 

Wash the precipitate of calcium oxalate from the filter 
paper, add a small excess of dilute sulphuric acid and continue 
the determination, exactly as described on p. 148. For the 
titration use 0 ' 1 N potassium permanganate. 

One ml. of O' IN permanganate corresponds to O' 0020 g. 
of calcium (Ca) or O' 002 8 g. of calcium oxide (CaO). 
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Magnesium, 

Concentrate the filtrate from the calcium precipitation to 
about 100 ml. and add 5 ml. of hydrochloric acid. Heat to 
boiling, add 1 0 ml. of sodium citrate and 10—15 ml. of sodium 
phosphate and neutralize the solution with dilute ammonia 
(1 + 1). Then add an excess of ammonia, equal to about 
one-third of the volume of solution. 

Allow the precipitate to stand overnight, filter through a 
9 cm. Whatman No. 44 filter paper and wash thoroughly with 
dilute ammonia (1 + 50) until free from chlorine. Ignite 
the filter and precipitate and weigh as Mg2P20r. Multiply the 
weight by 0 ’2 1 84 to obtain the amount of magnesium (Mg), 
or by O’ 3621 for magnesium oxide (MgO). 

If a correction for manganese is desired, determine this ele- 
ment, colorimetrically, in the precipitate. 

Determination of Calcium and Magnesium. 

When the amount of phosphorus present is known, R. E. 
Shapter ( friv. comm..) recommends the following method for 
the removal of iron, aluminium, manganese and phosphorus 
before the determination of calcium and magnesium. 

•• Reagents: 

Ferric Chloride. Dissolve 20 g. of anhydrous ferric 
chloride or 34 g. of the crystalline reagent in water, add 20 ml. 
of concentrated hydrochloric acid and dilute to 200 ml. De- 
termine the strength of this solution, by precipitation of an 
aliquot with ammonia. For use, dilute this stock solution so 
that it contains 0’525 g. of anhydrous ferric chloride per 100 
ml. One ml. then corresponds to 1 mg. of phosphorus. 

Bromine Water. Prepare a saturated solution of bromine 
in water. 

Ammonium, Oxalate. Dissolve 17—18 g. of ammonium 
oxalate in 500 ml. of water. This solution is approximately 
saturated at room temperature. 

8-Hydroxy quinoline. Dissolve 25 g. of 8-hydroxy~ 
quinoline in water containing 50 ml. of acetic acid and dilute 
the solution to 500 ml. 
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Method: 

For this determination an amount of solution, corre- 
sponding to 3-5 g. of plant material, is generally convenient. 
Transfer a suitable aliquot of the solution of the plant ash 
(p. 264) to a 400 ml. beaker and add an amount of ferric 
chloride solution, equivalent to the amount of phosphorus 
present. Measure the amount of ferric chloride so that the 
excess does not exceed I ml. Add 5-1 0 ml. of concentrated 
hydrochloric acid and one drop of methyl red indicator solu- 
tion. Neutralize carefully with concentrated ammonia, add- 
ing the ammonia drop by (drop until the indicator just acquires 
its yellow colour. Now add dilute hydrochloric acid, drop by 
drop and with constant stirring, until the red colour of the indi- 
cator is j ust restored. Allow the precipitate to stand for 1 5-3 0 
minutes, stirring occasionally to ensure re-solution of any pre- 
cipitated calcium and magnesium phosphates. If, on standing, 
the reaction changes towards the alkaline side add a further 
drop or two of dilute hydrochloric acid, but do not exceed the 
acidity indicated by the first appearance of red. 

Place the covered beaker, containing the solution and iron 
precipitate, in a boiling water bath for 5-10 minutes, but not 
longer. Then remove, and to the hot solution add, drop by 
drop from a burette, dilute ammonia ( 1 + 1 ) until the full 
yellow colour of methyl red just appears. At this reac- 
tion precipitation of iron, aluminium and phosphorus is com- 
plete. Now proceed with the precipitation of manganese in 
the same solution, without filtering off the iron precipitate. 
Add a further 10 drops of ammonia and, from a second 
burette, add bromine water, drop by drop, stirring continu- 
ously. When the liquid darkens and becomes opaque, test the 
reaction with a small piece of blue litmus paper, noting the 
colour before it is bleached by the bromine. Continue the slow 
addition of bromine, until there is a tendency for the litmus 
paper to redden. Restore the alkalinity by the addition of a 
few drops of ammonia and continue adding bromine. Repeat 
this procedure until 25 ml. of bromine water have been added. 
Set aside until convenient to filter. Prolonged heating must 
be avoided as it tends to make the iron precipitate slimy and 
difficult to handle. 
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When ready to filter, heat the beaker in a boiling water bath 
for 5 minutes and, i£ not definitely alkaline to litmus, add one 
or two drops of ammonia. Filter through a 9 cm. Whatman 
No. 41 filter paper, retaining as much of the precipitate as 
possible in the beaker. Collect the filtrate in a 400 ml. beaker. 
Wash the precipitate by decantation, using three lots of 2 per 
cent, ammonium chloride, made just alkaline to litmus with a 
few drops of ammonia. Then wash the filter paper twice 
more with the same solution. Return the filter to the beaker 
in which the precipitation was made, add 5 ml. of concentrated 
hydrochloric acid and 50 ml. of water, then digest on the water 
bath until the precipitate is dissolved and the filter paper 
macerated. 

Neutralize the solution as before, but without cooling to 
room temperature, and add ammonia and bromine, exactly as 
previously described. Filter through an 1 1 cm. Whatman No. 
41 filter paper and wash the precipitate completely with hot 2 
per cent, ammonium nitrate until the filtrate is chlorine-free. 
Reject the filter and precipitate. 

Calcium. 

Reduce the volume of the filtrate to about 1 5 0-200 ml., 
by evaporation. Small traces of iron and aluminium t hat have 
escaped precipitation may separate at this stage but this will 
not affect the determination. Add one drop of methyl red 
to the concentrated filtrate and neutralize it with concentrated 
ammonia, adding 5 drops in excess. Heat the solution to boil- 
ing and add, drop by drop from a dip pipette, an excess of hot 
ammonium oxalate. An amount of 1 0—30 ml. is necessary, de- 
pending on the amount of calcium present. Continue to boil 
for 1—2 minutes, or stand the beaker on a warm water bath, to 
obtain a coarsely grained precipitate. Allow to stand at least 
four hours, then filter through a 9 cm. Whatman No. 44 filter 
paper and collect the filtrate in a silica basin. \¥ash the pre- 
cipitate three times with hot 0 • 1 per cent, ammonium oxalate. 

Dissolve the precipitate in hydrochloric acid, reprecipitate 
and determine calcium as in the method given on p. 1 47. One 
ml. of 0-1 N potassium permanganate corresponds to 0*0020 
g. of calcium (Ga) or 0* 0028 g. of caldum oxide (CaO). 
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Magnesium. 

Evaporate the filtrate from the calcium precipitation to 
dryness on the water bath. When dry, turn off the bath and 
allow it to cool for 5-1 0 minutes. Then add 14 ml. of water 
and 20 ml. of concentrated nitric acid, cover the basin with a 
clock glass and allow the decomposition of the ammonium 
salts to proceed. After a few minutes slowly raise the bath 
to boiling and, when the decomposition is complete, rinse the 
clock glass and remove it from the basin. Evaporate the solu- 
tion to dryness. If the ammonium salts have not been com- 
pletely destroyed take up the residue in 5 ml. of concentrated 
nitric acid and again evaporate to dryness. Dissolve the 
residue in 5 ml. of water and 1 0 ml. of concentrated hydro- 
chloric acid and again evaporate to dryness to expel most of 
the nitric acid. Dissolve the chlorides remaining in 5 ml. of 
water and 5 ml. of concentrated hydrochloric acid, transfer the 
solution to a 250 ml. beaker and dilute it, so that it does not 
contain more than O’ 1 g. of magnesium per 100 ml. 

Make the solution just slightly alkaline by the addition of 
concentrated ammonia, heat to 65-80° C. and add 5-1 0 ml. of 
the hydroxyquinoline reagent, or sufficient to give a slight 
excess after the precipitation of all magnesium. Stir well and 
make distinctly alkaline by the addition of 5-1 0 ml. of concen- 
trated ammonia, to complete the precipitation. An excess of 
hydroxyquinoline is indicated by the yellow colour of the solu- 
tion after the precipitate has settled. If an excess is not present 
add more reagent, but avoid too large an excess, since hydroxy- 
quinoline is not very soluble in ammoniacal solution and sepa- 
rates from it. 

Allow the precipitate to stand until cool, or overnight if 
desired, then filter through a 9-1 1 cm. Whatman No. 41 filter 
paper, washing with warm dilute ammonia (1 +50). Trans- 
fer the precipitate to a crucible, dry and ignite slowly, finishing 
the ignition at a bright red heat. Weigh as magnesium oxide 
(MgO). To obtain the weight of magnesium (Mg) multi- 
ply by O’ 6032. 

POTASSIUM . 

Potassium may be determined directly, in the solution of 
the plant ash, either by the perchlorate or the volumetric 

4 * , 
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cobaltinitrite methods. Both of these methods possess advan- 
tages over the classical determination, which involves the 
laborious separation of sodium and potassium chlorides and 
the determination of potassium in the mixed chlorides. 

In the perchlorate method sulphates interfere and must first 
be removed, by precipitation as barium sulphate. Phosphates 
do not interfere, provided that an excess of perchloric acid is 
used and the evaporations with this acid are not carried quite 
as far as in the absence of phosphoric acid. The method given 
for the determination of potassium in the hydrochloric acid 
extract of soils (p. 149) is applicable. 

Sulphates do not interfere with the volumetric cobaltinitrite 
method and the procedure outlined on p. 178 for the deter- 
mination of exchangeable potassium in soils by this method 
is also applicable to solutions of plant ash. A suitable aliquot, 
preferably containing less than 40 mg. of potassium, is e\"apo- 
rated to dryness, after the addition of a little calcium ch loridc, 
and ignited for a few minutes at an incipient dull red heat. 
Potassium and other soluble salts are then extracted with hot 
water and the determination continued as described. 

The most convenient and accurate method for the deter- 
mination of potassium in plant ash is a gravimetric method, 
based on that originally devised by Kriigel and Retter { 3 ) for 
potassic fertilizers. In this method the advantages of th.e 
cobaltinitrite and perchlorate methods are combined, with the 
mutual elimination of the disadvantages of each. Potassium 
can be separated quantitatively, as sodium-potassium cobaltini- 
trite, from weakly acid solutions containing iron, aluminium, 
calcium, magnesium, phosphates and sulphates, but the com- 
position of the precipitate v'aries considerably, depending- on 
the nature of the solution, the amount of potassium present, 
the reagent used and the conditions of precipitation, as wel l as 
several other factors ( 6). Precipitation as sodium-potassium 
cobaltinitrite is only suitable for the determination of potas- 
sium when all these conditions are closely controlled and al- 
lowance is made for the variation in the proportion of sodiurn 
to potassium in the precipitate (p. 1 62 ). However, as a means 
of separation of potassium, precipitation as cobaltinitrite is ex- 
cellent. Ptecipitation is quantitative, if the solutions are not 
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too dilute and an excess of reagent is used. Although the com- 
position of the precipitate is not constant, the potassium in it 
can be determined by the perchlorate method, since it has been 
separated from all substances, particularly sulphates, which in- 
terfere with this method. The cobalt present in the cobaltini- 
trite precipitate does not interfere with the perchlorate deter- 
mination, cobalt perchlorate being readily soluble in alcohol. 
Potassium perchlorate is constant in composition and accurate 
values for potassium are readily obtained. 

The separation of potassium from sulphates by the com- 
bination of the two methods avoids errors due to the retention 
of potassium by the barium sulphate precipitate. Ammonium 
salts, if present in the original solution do not interfere, for 
they are destroyed during the determination. Although am- 
monium is co-precipitated with potassium as cobaltinitrite, 
when the precipitate is dissolved in hydrochloric acid and 
warmed the nitrous acid liberated reacts with any ammonia 
present, destroying it and setting free elementary nitrogen. 

Water saturated with sodium-potassium cobaltinitrite, or 35 
per cent, alcohol, are the best wash liquids for washing the 
cobaltinitrite precipitate. It is least soluble in these solutions. 
However, a saturated aqueous solution of the salt is not very 
stable and slowly decomposes within a few hours, while filtra- 
tion with alcohol tends to be unduly slow. Since washing of 
the precipitate at this stage need not be very thorough, 5 per 
cent, acetic acid may be used. Provided that the volume is kept 
small, the loss of sodium-potassium cobaltinitrite, by solution 
in this reagent, will not introduce a significant error. Any ex- 
cess of precipitating reagent remaining in the precipitate does 
not interfere with the subsequent perchlorate determination. 

For the precipitation of sodium-potassium cobaltinitrite, 
separate solutions of cobalt nitrate and sodium nitrite are pre- 
ferable to a mixed sodium cobaltinitrite reagent, since the 
former salts each give stable solutions, whereas sodium 
cobaltinitrite solution slowly decomposes on keeping. 

' In dissolving the evaporated residue prior to precipitation 
with cobalt nitrate and sodium nitrite care should be taken to 
avoid hydrolysis of iron and aluminium, by adding one or two 
drops of hydrochloric acid, together with the acetic acid, before 
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y'The Determination of Potassium. 

Reagents: 

Cobalt Nitrate. Dissolve 200 g. of potassium-free cobalt 
nitrate in water and dilute to 1 litre. 

Sodium Nitrite. Dissolve 350 g. of potassium-free 
sodium nitrite in water and dilute to 1 litre. 

5 % Acetic Acid. Dilute 50 ml. of glacial acetic acid t 
1 litre. 

Method: 

For this method use the solution of plant ash prepared 
as described on p. 264, taking sufBcient to yield O' 2-0 ’5 g. 
of potassium perchlorate. Transfer a convenient aliquot of 
the solution to a pyrex glass evaporating basin and evaporate 
It to domesamaiStS®!’. Remove the basin from the bath, 
add two drops of concentrated hydrochloric acid, 3 ml. of 
glacial acetic acid and 1 5 ml. of water. Stir and allow to stand 
until solution is as complete as possible. Then add 1 0 mi. of 
sodium nitrite and 1 0 ml. of cobalt nitrate, stirring vigorotislv 
for about 30 seconds. Cover the basin and leave to stand over- 
night, to ensure complete precipitation of the potassium. 

Filter the solution and precipitate through a 9 cm. What- 
man No. 44 filter paper, rinsing the basin and filter paper two 
or three times with water freshly saturated with sodium-potas- 
sium cobaltinitrite, or with cold 5 per cent, acetic acid. It is 
not nectary to remove the precipitate completely from the 
basin. Then rinse the upper edge of the filter paper once 

divided precipitate, through 


the water. Hydrolysis of iron and aluminium may cause the 
subsequent filtration of the cobaltinitrite precipitate to be un- 
duly slow. 

In all methods for the detemination of potassium, preeaui- 
tions must be taken to see that no ammonia is reabsorbed from 
the laboratory atrnosphere, after it has been eliminated from 
the determination. If it is reabsorbed, as may readily occur 
during the evaporation of acid solutions, erroneously high 
values will be obtained for potassium, since ammonia is alw^ays 
partly co-precipitated with potassium. 
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When the filter paper has drained place the basin, in which 
the precipitation was made, beneath the funnel and dissolve 
the precipitate by adding 5 ml. of warm dilute hydrochloric 
acid (1 +4) from a dip pipette. Wash the filter paper alter- 
nately with hot water and further 5 ml. portions of hydro- 
chloric acid until the whole of the cobaltinitrite has been dis- 
solved. Complete the washing of the filter paper with hot 
watet alone. To the filtrate add 5 ml. of concentrated hydro- 
chloric acid, cover the basin with a clock glass and heat on a 
water bath at 60° C. until any ammonia present is destroyed 
and the solution becomes clear rose red in colour. Remove 
and rinse the clock glass, then evaporate the solution to dry- 
ness. Dissolve the chlorides remaining in 5 ml. of warm water, 
add 5 ml. of 20 per cent, perchloric acid and evaporate, first 
on the water bath and finally on a hot plate, until copious 
fumes of perchloric acid are evolved. An excess of perchloric 
acid must be present to expel all hydrochloric acid. If an 
excess of perchloric acid is not present, add more perchloric 
acid and again evaporate until copious white fumes are pro- 
duced. 

When the white fumes appear add 1 0—1 5 ml. of water, to 
dissolve the perchlorates, and then 1 ml. of perchloric acid 
and continue the evaporation nearly to dryness, on the water 
bath. Finish the evaporation over a hot plate until dense white 
fumes have been produced for some time and the liquid just 
sets to a pasty crystalline mass when cold. 

Continue with the determination, exactly as described on 
p. 150, washing the perchlorates once with alcohol, before 
their final evaporation with perchloric acid and filtration 
through a Gooch crucible charged with asbestos. 

Multiply the weight of potassium perchlorate by 0 ‘ 2823 to 
obtain the amount of potassium (K) or by O' 3401 to obtain 
potassium oxide (K 2 O). 

: SODIUM^pJ^A:;- 

For the determination of sodium in plant ash a direct 
method is preferable, particularly when the amounts are small. 
If determined by difference, after separating the alkalies as 
mixed chlorides and deducting the amount of potassium 
chloride present, the whole of the errors fall upon the sodium. 
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Moreover, complete separation of magnesium from the al- 
kalies is difficult and Shapter ( 8) has found that small amounts 
of calcium and magnesium often escape precipitation in the 
alcoholic ammonium carbonate separation. 

Sodium is most conveniently determined in a phosphate- 
free solution of the plant ash by precipitation as sodium uranyl 
magnesium acetate [Na(U02)3Mg(CH3C00‘)9.8H20] ac- 
cording to a modification of Kahane’s gravimetric method '( 5 ) . 
As the precipitate contains only 1 ' 5 per cent, of sodium the 
methodisverysensitiyeandsmallamounts of the element give 
weighable precipitates. Since sodium uranyl magnesium ace- 
tate is not completely insoluble in the reagent, temperature 
changes during precipitation should be avoided. The volumes 
of reagents used and the conditions of precipitation must also 
be rigidly followed. As a large excess of reagent is necessary 
for the quantitative separation of the sodium salt, not more 
than 5 mg. of sodium should be present in any one determina- 
tion, when using the quantities of reagents indicated. By 
doubling the volumes used throughout, up to 1 0 mg. may be 
precipitated. The most suitable amounts of sodium for this 
determination are 1—5 mg. and, if possible, the aliquot should 
be chosen to contain an amount within this range. Potassium, 
if present in relatively large amounts in proportion to the 
sodium, introduces error, since it is partly co-precipitated with 
the sodium uranyl magnesium acetate. Precipitation of the 
potassium uranyl magnesium acetate only occurs slowly and 
the error increases with the time of standing. Sodium uranyl 
magnesium acetate is completely precipitated in 30 minutes 
and filtration should be carried out as soon as possible after 
this. If the amounts of potassium present are small the error 
is negligible, even if the precipitate is allowed to stand for 
several hours. With amounts of 15—20 mg. of potassium, 
however, the precipitate should not be allowed to stand for 
more than 1—1 hours before filtration, to avoid errors from 
co-precipitation. Amounts of potassium much in excess of 
20 mg. should be avoided, by taking smaller aliquots for the 
determination. So as to prevent errors from this source, the 
determination of potassium should precede that of sodium. 
Even when the ratio of potassium to sodium in the plant ash 
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is excessively wide the uranyl acetate method gives much, more 
accurate values than the indirect mixed chloride determina- 
tion. 

Phosphates, unless removed, interfere with this determina- 
tion, since they give rise to uranyl phosphate which would be 
precipitated with the sodium uranyl magnesium acetate. As 
an excess of magnesium does not interfere with the determina- 
tion, phosphates are most conveniently removed by precipita- 
tion as magnesium ammonium phosphate, in ammoniacal solu- 
tion. The traces of iron and aluminium also present in the ash 
are separated at the same time. 

Calcium only interferes with the determination if sulphates 
are also present in an amount sufficient to exceed the small 
solubility of calcium sulphate at the time of precipitation, so 
leading to the presence of calcium sulphate in the sodium pre- 
cipitate. In the presence of calcium sulphate smaller than this, 
correct values are obtained. The method should not be used 
for the determination of sodium in a sulphated ash without re- 
moval of sulphates. However, the trace of sulphuric acid in- 
troduced in the removal of silica in the method of ashing 
described on p. 263 does not yield enough calcium sulphate 
to interfere with the determination. 

The Determination of Sodium. 

Reagents: 

See p. 176. 

Method: 

Transfer a suitable aliquot of the solution of the ash, 
generally corresponding to 1—3 g. of plant material, to a 100 
ml. volumetric flask, add 5 ml. of a 5 per cent, solution of 
magnesium acetate and 30 ml. of concentrated ammonia. 
Shake vigorously and allow to stand for some time. When 
quite cold dilute to the graduation mark with water and thor- 
oughly mix the contents of the flask. Leave to stand over- 
' night, to ensure complete separation of all phosphate present. 

After standing overnight, filter the solution through a dry 
9 cm. Whatman No. 44 filter paper. Discard the first runnings 
then collect sufficient of the filtrate in a dry flask. 
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Pipette a suitable volume of the filtrate, sufficient to contain 
1-5 mg. of sodium, but not more than 5 mg. nor more than 
15-20 mg. of potassium, into a 100 ml. pyrex evaporating 
basin and evaporate the solution to dryness on the water bath. 
When dry, add 3 ml. of water and 5 ml. of concentrated nitric 
acid, cover the basin with a clock glass, and leave on the bath 
to decompose ammonium salts. When the initial reaction is 
over, remove the clock glass, rinse it into the basin and re- 
evaporate to dryness. 

When the contents of the basin are dry, remove it from the 
water bath and allow it to cool. Then dissolve the residue, as 
completely as possible, in 6 ml. of cold water, stirring with a 
glass rod. Add 1 5 ml. of uranyl magnesium acetate reagent 
and stir vigorously for about 1 5 seconds or until a precipitate 
forms. Cover the basin and allow it to stand for 30 minutes, 
but not longer than 1—1 2 hours if much potassium is present. 
Then filter through a small Gooch crucible, charged with 
asbestos. Wash the precipitate of sodium uranyl magnesium 
acetate twice with 2 ml. portions of the reagent and then five 
times with 96 per cent, alcohol saturated with the triple 
salt, transferring the precipitate quantitatively to the Gooch 
crucible. Then dry the crucible in an oven at 1 05° C. for not 
more than one hour, cool in a desiccator and weigh. Multi- 
ply the weight of precipitate by O’ 01 500 to obtain the amount 
of sodium (Na) or by 0 ' 02022 to obtain sodium oxide (Na20) 
in the aliquot taken. 

As an alternative to oven drying, ether may be used. In this 
case wash the crucible and precipitate three times with ether, 
wipe dry on the outside and allow to stand near the balance for 
1 5 minutes before weighing. 

PHOSPHORUS ' — ' ’ 

If the plant material is naturally rich in basic substances 
phosphorus is not lost during ashing at temperatures up to 
600 C. However, during the dry ashing of seeds, in which 
the proportion of phosphorus to basic constituents is large, 
some phosphorus may be lost unless an excess of magnesium 
salts is added to the sample before ashing. In the presence of 
magnesium salts no loss of phosphorus occurs up to 800° C. 
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In most plant materials, other than seeds, phosphorus can be 
determined in the solution of the ash (p. 264) prepared for 
the determination of calcium, magnesium, potassium and 
sodium. It can always be determined in the solution of the 
ash after ashing in the presence of an excess of magnesium 
salts (p. 268). Some pyrophosphates are formed during all 
methods of dry ashing and, in order to secure correct values 
for phosphorus, these must be converted to orthophosphates 
before precipitation with ammonium molybdate. Conversion 
of pyrophosphates does not occur immediately the ash is acidi- 
fied but the acid solution must be boiled vigorously, or heated 
on a water bath for a considerable time, to ensure complete 
conversion. This is secured during the preparation of the 
solution of the ash. Details of a method for the determination 
of phosphorus in the solution of the ash are given on p. 295. 

The most convenient method for the determination of 
phosphorus is one in which the organic matter is destroyed by 
digestion with nitric, sulphuric and perchloric acids and phos- 
phorus precipitated in the filtrate from the digest by the 
Lorenz method. This method is strongly recommended since 
the digestion is simple and rapid and the phosphorus is deter- 
mined directly on a separate portion of the original sample. 
No loss of phosphorus occurs during digestion, either through 
volatilization or retention in the insoluble residue, and no 
pyrophosphates are formed. Details of this method are given 
below. 

In most methods phosphorus is precipitated from acid solu- 
tions as ammonium phosphomolybdate. As the composition 
of the precipitate depends upon the conditions of precipitation, 
it is sometimes dissolved in ammoniacal solution and the phos- 
phorus reprecipitated as magnesium ammonium phosphate. 
More frequently phosphorus is determined by titrating or 
weighing the yellow precipitate after precipitating it under 
controlled conditions. In the usual volumetric methods, based 
on Pemberton’s original titration of the yellow precipitate 
with standard sodium hydroxide, the factors found by dif- 
ferent workers for the phosphorus equivalent of the precipi- 
tate show considerable variation and Shapter (7) has also 
found that the factor varies with the amount of phosphorus 
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precipitated. A different factor is necessary for the determina- 
tion of very small amounts of phosphorus. Acidity and the 
temperature at the time of precipitation also affect the com- 
position of the precipitate. Apart from the uncertainty of the 
values sometimes obtained, the volumetric method is not as 
convenient as the gravimetric method. 

The yellow precipitate, produced under the conditions of 
precipitation in the Lorenz method, is remarkably constant in 
composition and the method gives accurate values for phos- 
phorus over a wide range of concentrations. Constancy of 
composition of the precipitate in the Lorenz method is appa- 
rently attained by the higher concentrations of acid and molyb- 
date used for the precipitation. The precipitate contains 1 '44 
per cent, of phosphorus so the method is capable of determin- 
ing very small amounts of this element. 

After precipitation and filtration the precipitate is washed 
with dilute ammonium nitrate and moisture removed by wash- 
ing with acetone (or alcohol and ether) . It is then transferred 
to a desiccator at a reduced pressure, constant weight being 
attained within 30 minutes. The yellow precipitate obtained 
by this method filters well, except when only very small 
amounts of phosphorus are present, as in some cereal straws. 
In such cases the addition of Celite filter aid (p. 151) assists 
the filtration. 

The most suitable amounts of phosphorus for determina- 
tion by this method are 1—10 mg., giving precipitates of 
O’ 07-0 '7 g., and the amount of sample taken should be 
judged accordingly. However, amounts down to O’ 5 mg. or 
even less can be determined with considerable precision, while 
micro-technique can be used for the determination of even 
smaller amounts. Amounts in excess of 1 5 mg. should be 
avoided, since precipitation of this larger amount may unduly 
reduce the strength of the reagent. 

The Determination of Phosphorus (Wet Digestion 
Method). 

Reagents: 

Seep. 152. 
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Method: 

Digest a suitable amount of plant material, containine 
about 1-10 mg. of phosphorus, with 3 ml. of sulphuric acid 
4 mi. of perchloric acid and sufficient ‘ ’ 

the method described on p. 272. 

has been completely destroyed and the digest fumed 
for 2-3 minutes, remove it from the hot plate and aflow^to 
cool. Add 30 ml. of hot water, shake until solution is as com- 
plete as possible and filter through a 9 cm. Whatman No 44 
filter paper, collecting the filtrate in a tAl 
beaker. Wash the digestion flask and silica residue 1 . 
warm dilute nitric acid (1 + 19) and complete the 
with hot water. 

Stand the beaker in a boiling water b 
filtrate until the volume is reduced to 
as the evaporation will proceed readily, 
from the bath, add 15-] ': ' 

and 34 ml. of water. Heat the 
well to dissolve 


d, according to 
organic matter 
i strongly 


tall shaped 150 ml. 
; twice with 
; washing 

th and evaporate the 
3out 5 ml., or as far 
, Remove the beaker 
15 '5 ml. of concentrated nitric acid 
— — ; contents just to boiling, stirring 
, th® sulphate. IJRemove from 

the flame, stir for 1 0 seconds to cool the overheated sides of 
the beaker, rapidly add 50 ml. of Lorenz sulphate-molybdic 
acid reagent, stir for 30 seconds, cover the beaker and leave to 
stand tor two hours, or overnight if more convenient 

Filter through a Gooch crucible, fitted with a small'circle of 
Whatman No. 42 filter paper, cut so as to cover the holes, but 
not to touch the edges, or through a Gooch crucible charged 
with asbestos. Before use, dry the crucible in an oven at 1 00 ° 

• weigh. If a crucible with a disc of filter paper 

IS used, drying for 1 5 minutes is sufficient. Wash the precipi- 
tate four times with 2 per cent, ammonium nitrate, made' just 
acid to litmus with a drop of nitric acid, if necessary. Then 
wash three times with acetone and draw air through the 
crucible for half to one minute. Finally place the crucible in 
a desiccator, without dehydrating agents, evacuate to about 200 
mm. and leave for 30 minutes before weighing. 

Multiply the weight of precipitate bv 0 • 0 1 44 to obtain the 
amount of phosphorus (P) or 0-03295 to obtain phosphoric 
anhydride (P 2 O 5 ). ^ ^ 
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The Determination of Phosphorus (Dry Ashing 
Method). 

Reagents: 

Seep. 152. 

Method: 

Ash a suitable amount of plant material, containing about 
1-1 0 mg. of phosphorus, by the method described on p. 268. 
When ashing is complete moisten the residue remaining in the 
silica basin with about 25 ml. of water. Cover the basin with a 
clock glass, add 1 0 ml. of concentrated hydrochloric acid and 
digest on the water bath for 1 5-20 minutes. Then remove and 
rinse the clock glass and evaporate the solution to dryness. 
Leave the basin on the bath for a further period of half an 
hour, to render the silica insoluble. Dissolve the dried salts 
in 20 ml. of warm water and 2 ml. of concentrated hydro- 
chloric acid and again evaporate to dryness and heat on the 
bath for a further period of half to one hour. 

When the silica has been completely dehydrated take up the 
residue in about 25 ml. of warm water and 5 ml. of concen- 
trated nitric acid. W^arm until solution is complete, then filter 
through a 9 cm. Whatman No. 44 filter paper, collecting the 
filtrate in a tall shaped 150 ml. beaker. Wash the filter paper 
and insoluble residue with 3 or 4 lots of hot dilute nitric acid 
(1 + 39) then continue washing with hot water until the filt- 
rate amounts to about 130 ml. Place the beaker in the water 
bath and evaporate the filtrate to dryness. 

As an alternative to ashing with magnesium acetate the 
hydrochloric acid solution of the ash, prepared, by the method 
given on p. 264, may be used. In this case transfer a suitable 
aliquot of the solution to a tali shaped 150 ml. beaker and 
evaporate the solution nearly to dryness in the water bath. 
Add 5 ml. of water and 5 ml. of concentrated nitric acid and 
again evaporate to dryness to remove chlorides. 

Whichever method is used to obtain a solution of the phos- 
phone acidj free from silica and chlorides, proceed from this 
point in exactly the same manner. Dissolve the residue in 
the beaker in 15-15-5 ml. of concentrated nitric acid and 34 
ml. of water, and add 1 ml. of concentrated sulphuric acid. 
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Heat the contents just to boiling and precipitate the phosphate 
in exactly the same way as in the previous method. 

CHLORINE 

Chlorine is readily lost during the ordinary ashing of many 
plant materials. For its quantitative retention in the ash the 
sample must be ignited in the presence of an alkali or an alka- 
line earth. Husband and Godden (2) have shown that ashing 
with lime gives the best values. The lime must be thoroughly 
incorporated with the sample, and the mixture moistened and 
digested on the water bath to ensure this. 

In Husband and Godden’s method the ash is extracted with 
hot dilute nitric acid, a measured volume of standard silver 
nitrate added, to precipitate all chlorides, and the excess of 
silver nitrate determined in an aliquot of the solution. Since 
free nitric acid is present it is necessary to use Volhard’s method 
of titration, in which the excess of silver is titrated with stan- 
dard ammonium thiocyanate, using ferric alum as an indicator. 
In this method the precipitated silver chloride is generally 
removed, by filtration, before carrying out the titration, 
otherwise the end point is indefinite, owing to the inter- 
action between the silver chloride and the soluble thiocyanate. 
Instead of filtration, however, some analysts prefer to add 1 
ml. of pure nitrobenzene, which prevents this reaction by with- 
drawing the silver chloride from the aqueous phase and con- 
centrating it at the interface of the two liquids. Volhard’s 
titration is subject to a small error, since the precipitated silver 
chloride adsorbs about 0'7 per cent, of its weight of silver 
from the solution. Values for chlorine are therefore slightly 
high. 

The determination of chlorine can be considerably simpli- 
fied by using an electrometric method for its titration in the 
plant ash. In the method used by R. J. Best in these labora- 
tories the ash is digested with water, or with a small amount of 
sulphuric acid, and an aliquot of the filtered digest is titrated 
with standard silver nitrate, using the silver-silver chloride 
electrode described on p. 40. The nitric acid digest of the 
plant ash can also be titrated electrometrically, without filtra- 
tion, provided that the concentration of the free nitric acid is 
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reduced sufficiently before titration. In this latter case the 
electrometric titration is most conveniently carried out on the 
whole of the ash. 

Chlorides in plant materials can also be determined very 
rapidly, and without ashing, by the direct electrometric titra- 
tion of an aqueous suspension of the sample with standard 
silver nitrate. The end point is not quite sharp, tending to drift 
slowly, but the values obtained by this simple method are very 
useful for many purposes. 

The Determination of Chlorine: Husband and 
Godden’s Method. 

Reagents: 

O' IN Silvan Nitrate. Dissolve 16' 989 g. of pure silver 
nitrate in water and dilute to 1 litre. 

O' IN Ammonium Thiocyanate. Dissolve about 8 g. of 
ammonium thiocyanate in water and dilute to 1 litre. Titrate 
this solution against the standard silver nitrate solution and 
adjust its volume so that it is 0 • 1 N. 

Ferric Alum. To 1 00 ml. of a saturated solution of ferric 
ammonium sulphate add 5 ml. of concentrated nitric acid. 

Method: 

Ash 3-5 g. of plant material with one-quarter of its 
weight of finely divided lime (chlorine-free) by the method 
described on p. 268. 

Moisten the ash with 25-30 ml. of hot dilute nitric acid 
(1+4), taking care to avoid loss by effervescence. After a 
few minutes filter the solution through a 9 cm. Whatman No. 
44 filter paper, collecting the filtrate in a 250 ml. volumetric 
flask. Wash the basin and filter paper with warm water. 

When the filtrate is cool add an excess of O'lN silver 
nitrate, measuring the volume accurately. Shake the solution 
until the precipitate of silver chloride clots, then dilute to 
volume and thoroughly mix the contents of the flask. Filter 
through a dry 1 1 cm. ^Vhatman No. 44 filter paper, rejecting 
the first runnings and collecting the rest of the filtrate in a dry 
flask. 

To a suitable aliquot, usually 1 00 ml., add 2-3 ml. of ferric 
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alum solution and then titrate it with 0 • 1 N ammonium thio- 
cyanate, against a white background, until the first signs of the 
reddish brown colour of ferric thiocyanate persist. The 
amount of standard thiocyanate used corresponds to the excess 
of silver nitrate in the aliquot titrated. From the volume of 
silver nitrate added calculate the amount of chlorine present 
in the original sample. 

One ml. of O' IN silver nitrate corresponds to O' 00355 g. 
of chlorine. 

The Determination of Chlorine; Electrometric 
Method. 

Reagents: 

N/71 Silver Nitrate. Dissolve 2 '393 g. of pure dry 
silver nitrate in water and dilute to 1 litre. 

Equip-nent: The arrangement of R. J. Best’s silver- 
silver chloride electrode and quinhydrone reference half cell 
is fully described on p. 41 . 

Method: 

Ash 3-5 g. of plant material with one-quarter of its 
weight of finely divided lime (chlorine-free) by the method 
given on p. 268. 

Digest the ash with 50 ml. of water or 50 ml. of 0'05N 
sulphuric acid on a water bath for 1 0-1 5 minutes, filter 
through a 9 cm. Whatman No. 44 filter paper and wash 
thoroughly with hot water. Collect the filtrate in a 200 ml. 
volumetric flask and, when cold, dilute to the mark. 

To a suitable aliquot, usually 50 ml., add a drop of 
methyl red and then N sulphuric acid sufficient to give a few 
drops in excess of the amount necessary to acidify the solution. 
Introduce the silver-silver chloride electrode and agar con- 
necting tube and titrate the solution with N/71 silver nitrate 
by the method described on p. 43. 

One ml. of N/71 silver nitrate corresponds to 0 ' 0005 g. of 
chlorine. 

Alternative Method: 

Ash 1—2 g. as before. To the cold ash add 20 ml. of 
water, then add dilute nitric acid (1 +4) just sufficient to 
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acidify the ash. An excess of nitric acid must be avoided. If too 
much is added nearly neutralize with dilute ammonia. Dilute 
the solution to about 5 0 ml., digest for 5 minutes on a water 
bath and then transfer to a 1 00 ml. beaker. When cold, intro- 
duce the silver-silver chloride electrode and agar connecting 
tube and titrate, electrometrically, as before. 

SULPHUR 

Sulphur cannot be determined in the ash obtained by the 
ordinary methods of ashing. During the ignition of plant 
materials organic sulphur is oxidized and passes ofiF with the 
other products of combustion. If these gases are passed 
through strong oxidizing agents, as in the original Fresenius 
method, the oxides of sulphur are absorbed and converted to 
sulphates, which can be precipitated as barium sulphate. Such 
methods give reliable results but are not always convenient. 

Other methods involve oxidation and fusion with sodium 
peroxide, or oxidation with copper and ammonium nitrates, 
sulphur being converted to sulphate and precipitated as barium 
sulphate in each case. Neither method is very convenient and 
the relatively large amounts of salts present at the time of 
precipitation of the barium sulphate introduce errors due to 
occlusion by the precipitate. Values obtained for sulphur in 
plant materials are frequently unreliable although, in ex- 
perienced hands, good results can be obtained for many sub- 
stances by the sodium peroxide method. 

Marston (4) finds that, of several methods investigated, 
determination by combustion with oxygen in a steel bomb is 
most convenient and gives the most consistent values for 
sulphur. The method determines both inorganic and organic 
sulphur. Complete combustion of the organic matter is ob- 
tained. The silica and basic constituents become fused into 
clear glass beads, a large proportion of the nitrogen in the 
sample is burned to nitric acid, and all of the sulphur is con- 
verted to sulphate. Volatile compounds of sulphur are not 
formed. After combustion the contents of the bomb are dis- 
solved in hydrochloric acid, silica separated and sulphate pre- 
cipitated as barium sulphate in very dilute acid solution. 
Throughout the determination electric heaters should be used 
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since sulphur may be derived from the coal gas, if this is used 
as a source of heat. Details of Marston’s procedure are given 
below. 

The Determination of Sulphur (4) . 

Apfaratus: 

Emerson Bomb. The standard steel bomb from an 
Emerson bomb calorimeter is used for this determination. 
The lead washer of the bomb must be completely covered 
with a pure tin gasket to prevent loss of sulphur, due to the 
attack of the lead by the nitric and sulphuric acids produced 
during combustion of the sample. 

Method: 

Compress about 2 g. of the finely ground material into a 
hard tablet around an iron fuse wire, by means of a suitable 
die. Place the compressed tablet on the capsule, on which it is 
to be ignited in the bomb, and weigh to obtain the amount of 
material taken. Make an allowance for the weight of fuse wire 
used. Set up the capsule and its contents in the bomb and fix 
the fuse wire in position. Assemble the bomb and screw down 
tightly. Then connect to an oxygen cylinder, introduce oxy- 
gen to a pressure of 20 atmospheres, close the valve and im- 
merse the bomb in water to detect any leak of oxygen. Then 
fire the bomb electrically and leave for a few minutes to cool. 
When cool, carefully open the valve to relieve the pressure. 

Transfer the contents of the bomb by washing into a pyrex 
evaporating basin. Acidify by adding 1 0 ml. of concentrated 
hydrochloric acid and evaporate to dryness to remove nitric 
acid and to dehydrate the silica. Repeat the evaporation using 
a further 5 ml. of hydrochloric acid and 1 5 ml. of water. When 
the silica has been dehydrated, dissolve the residue in 3-5 ml. 
of hydrochloric acid and 1 5 ml. of warm water, filter through 
a 9 cm. Whatman No. 44 filter paper and wash completely with 
warm water. 

Adjust the acidity of the filtrate to approximately 0‘02N, 
by just neutralizing with dilute ammonia, using methyl red as 
indicator, then adding 1 ml. of hydrochloric acid (1 + 1 ) and 
diluting to approximately 250 ml. Heat the solution to in- 
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cipient boiling, add an excess of barium chloride and cover 
the beaker with a clock glass. Maintain at a temperature of 
about 100° C. for two hours, then allow to cool slowly over- 
night. By means of a bent capillary, withdraw the major part 
of the clear supernatant liquid, then collect the precipitate by 
filtering the rest of the liquid through a 9 cm. Whatman No. 
44 filter paper. Wash thoroughly with cold water. Dry in a 
platinum crucible and ignite in a muffle furnace. Then treat 
the residue with one drop of nitric acid, fume off carefully and 
re-ignite at 500° C. Place the lid on the crucible and leave in 
the balance room to come into equilibrium with the air. 

Multiply the weight of precipitate obtained by O’ 1373 to 
obtain the amount of sulphur. 
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CHAPTER IV 


THE DETERMINATION OF THE TRACE 
ELEMENTS 

In this section methods are given for the determination of 
boron, cobalt, copper, iron, manganese, molybdenum and zinc 
in plant materials. Since these elements occur in such small 
quantities in plants, in some cases to the extent of less than 0 * 1 
mg. per kg., the utmost precautions must be taken to avoid 
their accidental introduction during the course of the analysis. 
Amounts of impurities which would pass without notice in the 
determination of the major constituents, such as calcium, mag- 
nesium or potassium, must be scrupulously excluded. In the 
determination of any of the trace elements all likely sources 
of their introduction as impurities should be carefully con- 
sidered. This applies particularly to iron, copper and zinc, 
since so much laboratory equipment is made in steel, copper or 
brass. In the determination of micro-amounts of copper and 
zinc sufficient of these metals may be introduced by the hand- 
ling of unprotected brass water taps, etc., to invalidate the 
analysis. 

The precautions to be observed during the collection and 
grinding of the plant sample have already been detailed (pp. 
253 and 256). Commonsense precautions should be taken in 
the laboratory in which the determinations are to be carried out. 
Dusty operations should not be performed in the same labora- 
tory and salts of the elements to be determined should be 
handled as little as possible. If a few such simple precautions 
are taken contamination with boron, cobalt, manganese and 
molybdenum during analysis will be practically non-existent, 
except for the small amounts derived from the distilled water 
and the reagents used. This will be dealt with later. How- 
ever, greater care is necessary for the exclusion of traces of 
iron, copper and zinc. When it is not possible to replace metal 
laboratory fittings with those of aluminium, synthetic plastics, 
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or other materials, they should be protected with a coat of one 
of the synthetic resin lacquers (colourless or black). This 
protection is quite effective for door handles, water and gas 
taps, etc. Any copper or brass parts of the electric oven used 
for drying, particularly the interior, should be protected with 
a heat resisting synthetic lacquer. Porcelain Bunsen or Teclu 
burners should replace gas burners of iron or brass. Copper 
water baths and water heaters should be rigidly excluded from 
laboratories in which this element is to be determined. Apart 
from direct contamination, the basic salts fornied on the out- 
side of copper water baths are too readily diffused as a fine dust 
in the laboratory atmosphere. Stainless steel water baths are 
very satisfactory and can even be used with reasonable safety in 
the determination of iron, ^^hen low temperature ignitions 
are necessary, as in the micro-determination of zinc, a sheet of 
aluminium, bent into a semi-cylindrical shape and placed in 
the muffle furnace, will prevent contamination from particles 
falling from the wall of the muffle. 

For trace element determinations the composition of the 
glass used for all chemical apparatus is very important. Boro- 
silicate glass yields measurable amounts of boron to solutions, 
particularly alkaline solutions. Beakers and flasks made from 
it must on no account be used during the determination of 
small quantities of boron. Many resistance glasses, including 
some of the borosilicate glasses, contain zinc as one of their 
constituents and such glassware must not be used for zinc de- 
terminations. Considerable amounts of zinc are taken up by 
both acid and alkaline solutions from such glass (17). Of the 
TOmmercially available glasses suitable for chemical apparatus, 

1 yrex and Duran are the only ones which are practically zinc- 
ree. Both may contain traces of zinc derived from normal 
mpunties in the raw materials used in their manufacture. 

1 yrex glass is very satisfactory for use in the determination of 
elements except boron. Strong acids can be re- 
dishlled from pyrex glass apparatus and have been stored in 
pyrex reagent bottles for three years without appreciable con- 
tamination with heavy metals. However, alkaline solutions 

attack It shghtly and increase appreciably in zinc content after 

long standing. 
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As already mentioned, distilled water may be one of the 
sources from which impurities of some of the trace elements 
are derived. Ordinary distilled water contains appreciable 
amounts of iron, copper, zinc and tin. Owing to the wide- 
spread use of tinned copper condensers, it may sometimes 
contain more copper than the original town supply. Ordinary 
distilled water is generally entirely suitable for the determina- 
tions of boron and manganese. However, for determinations 
of all other trace elements water of high quality, free from 
heavy metals, must be used. This is most conveniently ob- 
tained by the redistillation of ordinary distilled water from a 
pyrex glass boiling flask and pyrex condenser. 


Fig. 1 7 . Pyrex glass still for the redistillation of water. 


A simple arrangement for the continuous production of re- 
distilled water at a rate of 1-2 litres per hour is shown in Fig. 
17. The supply of ordinary distilled water in the large 
Mariotte bottle (25 1.) maintains the constant level of water 
in the boiling flask (2-3 1. capacity) . The steam is condensed 
in a double surface pyrex condenser, the wide bore of which 



minimizes back pressure in the boiling flask. The latter 
heated by two porcelain Bunsen burners. When necessary, 
the boiling flask can be completely drained by opening the 
lower stopcock, and the whole apparatus can be arranged for 
refilling and draining without dismantling it in any way. If 
an electrical heater is used, automatic relays can be incor- 
porated, to protect the still from boiling dry. 

. All glass apparatus for the determination of the trace metals 
must be rinsed with dilute acid and with glass distilled water, 
after the usual washing with tap water. Repeated rinsings 
with redistilled water alone are not sufficient to remove com- 
pletely the last traces of heavy metals, since small amounts are 
adsorptively bound to the glass surface and can only be re- 
moved by replacement with other ions, such as hydrogen ions. 
Rinsing with half normal acetic or hydrochloric acid, followed 
by redistilled water, is quite effective in removing these ad- 
sorbed heavy metal ions. The reaction is reversible and a 
clean glass surface will adsorb further quantities of metal ions 
from tap water if it again comes in contact with it. 

To avoid losses during any determination, by adsorption on 
the glass walls of vessels, transference of solutions from one 
vessel to another should be carried out at an acid reaction, as 
far as possible. 

Significant amounts of many of the trace elements occur, 
even in the best grades of analytical reagents. The purifica- 
tion from the last traces of these elements presents difficulties 
on the commercial scale, but can be easily carried out in the 
laboratory. 

f or crystalline salts a single recrystallization of a good 
quality reagent from glass distilled water generally gives a 
product of high purity. If freedom from boron is required, 
the operation must be carried out in boron-free glassware. A 
single recrystallization reduces the amounts of all of the heavy 
metals sufficiently to give a very low value in a blank deter- 
mination. However, it is generally much simpler and more 
convenient to purify salts from certain heavy metals by an 
extractive method similar to that used in the actual deter- 
mination. By extracting a concentrated solution of the salt, 
at a suitable reaction, with a chloroform or carbon tetra- 
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chloride solution of dithizone the whole of the copper, zinc, 
cobalt and other dithizone metals can be removed. If the ex- 
cess of dithizone does not interfere, the extracted solution can 
be diluted to a suitable strength and used directly in the analy- 
tical determinations. Sodium diethyldithiocarbamate and 
amyl alcohol can be similarly used for the removal of copper 
from certain reagents. 

The strong acids are most easily purified from heavy metals 
by redistillation. Nitric acid can be obtained by the distillation 
of ordinary nitric acid (S.G. 1 ‘42) in a pyrex glass flask fitted 
with a pyrex glass condenser. If the first 50-100 ml. of dis- 
tillate are rejected and the distillate collected until only 10-15 
per cent, remains in the boiling flask, a product of high purity 
is obtained. It should be stored in pyrex glass reagent bottles. 
Hydrochloric acid is also redistilled at the constant boiling 
point from a similar all-glass distillation apparatus. Dilute 
1 litre of ordinary concentrated hydrochloric acid (S.G. 1 • 1 8) 
with about 650 ml. of water and distil as before, rejecting the 
first portion of the distillate. This gives an acid of approxi- 
mately 6N strength. Sulphuric acid is best redistilled from a 
pyrex glass or silica retort, rejecting the first and last fractions 
as before. Provided that one or two small glass beads are 
added, all of these acids distil quietly without bumping. Ac- 
cording to Kahane (6), perchloric acid can be distilled at ordi- 
nary pressures with complete safety, from an all-glass retort, 
only a small amount of loss occurring from decomposition. 
Since only limited amounts of perchloric acid are used in most 
of the determinations, the amounts of impurities introduced 
are generally small, provided that a good quality reagent is 
selected. For many determinations the use of a solution of 
sodium perchlorate, purified by dithizone extraction, is a 
simple alternative to the purification of perchloric acid. Like- 
wise, sodium fluoride, purified by dithizone extraction, can 
with advantage replace hydrofluoric acid for many purposes. 

In all determinations, blanks must be carried out and, where 
necessary, a suitable correction made for the amounts intro- 
duced by the reagents. Experience has shown that with care- 
ful working it is easily possible to keep the impurities intro- 
duced from all sources below O’ 5 microgram in the usual 
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copper determination, and below 0 *1 raicrogram in the micro- 
determination of zinc. 

In many determinations the risk of contamination can be 
decreased, and much time can be saved, by using separate dip 
pipettes for the addition of each reagent which does not re- 
quire accurate measurement. When not in use, each dip pipette 
is kept in a small beaker in a covered glass jar, so protecting it 
from dust. Since each pipette is kept for one specific reagent, 
it is thus always ready for use without the necessity for careful 
washing and drying between determinations. Their use in 
measuring the amounts of nitric, sulphuric and perchloric acids 
in the wet digestion method is not only a great convenience but 
also leads to considerable savings in time. 

In the determination of cobalt, copper and zinc, use is made 
of diphenylthiocarbazone as an extractive reagent. The in- 
troduction by H. Fischer of diphenylthiocarbazone, and the 
extractive methods of analysis based on its use, have opened 
up an entirely new field for the determination of many of the 
heavy metal elements, which occur in such minute quantities 
in plant material. Diphenylthiocarbazone (CeHs.NH.NH. 
GS.N.’N.CeHs), or dithizone as it is more generally called, 
forms complexes with many of the heavy metals. Like dithi- 
zone itself, these dithizonates are insoluble in water but readily 
soluble in many organic solvents, such as chloroform and 
carbon tetrachloride. Since these solvents are immiscible with 
water there is a very favourable partition coefficient and, if the 
hydrogen ion concentration of the aqueous phase is suitably 
TOntroUed, the heavy metals can be quantitatively extracted. 
This simple process of extraction enables small quantities of 
the heavy metals to be separated from complex mixtures of 
large amounts of other inorganic salts. Thus from a solution 
of plant ash the traces of cobalt, copper, zinc and any other 
metal, extractable by dithizone, can be easily separated from 
the excessive amounts of calcium, magnesium, potassium, 
sodium and other constituents. If a wet digestion method is 
used tor the destruction of organic matter, the extraction can 
be carried out without separation of the silica. Filtration, with 
the possibility of introducing positive or negative errors by 
contamination from or adsorption by the filter paper, is elimi- 
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nated and a very clean separation is obtained. Since chloro- 
form and carbon tetrachloride are heavier than water, succes- 
sive extractions can be carried out in a separating funnel, with- 
out transferring the aqueous phase from the funnel. 

Many factors govern the partition of the dithizone metals 
between the aqueous and organic phases. Some metals are 
readily extracted from acid solutions, others only from neutral 
or alkaline solutions. Wichmann (18) gives the approximate 
order of extraction of some of the metals as follows, com- 
mencing with those extracted from the most acid solutions: 
silver, mercury, tin (stannous), bismuth, copper, zinc, lead, 
thallium and cadmium. The relative positions of nickel and 
cobalt are not given in the above list, but both are extractable 
from neutral to alkaline solutions. 

There exists a favourable range of hydrogen ion concentra- 
tion for each metal. From solutions more acid than this, ex- 
traction does not take place, or is incomplete. In solutions 
more alkaline, the metal-dithizone complex is not stable and 
the metal may pass back to the aqueous phase. The favourable 
range of hydrogen ion concentration is itself governed by 
several factors, including the solvent employed, the nature of 
the salts present in the aqueous solution and the concentrations 
of dithizone and heavy metals. In the acid and neutral range 
a tetrachloride solution of dithizone will extract most metals 
from solutions at about 1 pH unit more acid than will a chloro- 
form solution. However, for the extraction of zinc at pH 9 ‘ 8 
in Walkley’s method, a chloroform solution gives a better par- 
tition, since at this alkalinity dithizone shows a greater tendency 
to pass into the aqueous phase from tetrachloride solutions. 

The presence of acetates, citrates or phosphates in the 
aqueous phase affects the range of hydrogen ion concentration, 
within which extraction of any particular metal ion takes place. 
In the presence of citrates, so frequently added in the analysis 
of plant materials to prevent the precipitation of phosphates 
from alkaline solutions, extraction is not so complete at any 
given hydrogen ion concentration as in acetate solutions. For 
complete extraction, the hydrogen ion concentration must be 
suitably reduced. Cyanides, iodides and thiosulphates, as well 
as certain organic compounds, can form complexes (competi- 
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tive complexes) with some of the heavy metals. These com- 
plexes may be more stable than the dithizonate, and so change 
the range of hydrogen ion concentration favourable for the ex- 
traction of the metal, or prevent its extraction altogether. 
Thus, although dithizone will extract some ten or eleven 
metals from an alkaline solution, the addition of an excess of 
potassium cyanide to such a solution will prevent the extraction 
of all metals but tin, bismuth, thallium and lead. Larger con- 
centrations of dithizone also favour the partition of the heavy 
metals into the organic dithizone phase. 

By the suitable choice of conditions numerous differential 
extractions are possible. Many useful separations have been 
worked out empirically, but a considerable amount of work 
remains to be done in the detailed study of the equilibria in- 
volved, to give a more fundamental basis to the separations. 
So many factors are involved that the most favourable condi- 
tions of extraction have not been precisely defined for all the 
metals. 

Dithizone, as purchased, is seldom sufficiently pure for use. 
A suitable method for its purification from oxidation products 
and heavy metal impurities is given on p. 332. Dithizone is 
insoluble in water but readily soluble in dilute solutions of am- 
monia. On making such a solution slightly acid with hydro- 
chloric acid the pure dithizone can be extracted with carbon 
tetrachloride or chloroform. It is more soluble in the latter 
solvent than in the former, but for many purposes the tetra- 
chloride solution possesses slight advantages over that in 
chloroform. Tetrachloride is also a cheaper reagent than 
chloroform. 

Dithizony solutions are reasonably stable if kept in a cool, 
dark place. They can be kept for one to two years without any 
protective reagent, if stored in a refrigerator at 3-5° C. The 
solutions slowly oxidize to a yellow diphenylthiocarbadiazone 
which IS not extractable by dilute ammonia. While the 
presence of this oxidation product in the reagent is objection- 
able for the colorimetric determination of dithizonates, it does 
not interfere with any of the extractive methods described 

nffh ’■^presents a decrease in the strength 

e dithizone. Dithizone solutions may be tested for purity 
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by shaking a portion with aqueous ammonia. In the absence of 
hea-vy metal impurities the organic phase will become water- 
white, if the dithizone solution is fresh, or yellowish to straw 
coloured, if older and contaminated with oxidation products. 
In either case residual red to violet colours, due to heavy metal 
impurities, indicate that the dithizone must be further purified 
before use. 

In transmitted light dilute solutions of dithizone in chloro- 
form or carbon tetrachloride appear blue-green and green re- 
spectively, but as the concentration is increased the colour 
changes abruptly from green to red. This gives an approxi- 
mate method, sufficient for most practical purposes, for deter- 
mining the strength of dithizone solutions (2). To obtain the 
strength of a solution, determine the depth of a column of 
liquid which just begins to impart a red colour when viewed in 
transmitted light. For chloroform solutions the concentration 
of dithizone, in mg. per litre, corresponds to a constant (380) 
divided by the depth of the column in millimetres. For tetra- 
chloride solutions the value of the corresponding constant is 
approximately 150. 

In addition to chemical methods for the determination of 
the trace elemezits, spectrochemical and polarographic methods 
are proving of increasing value, particularly in the determina- 
tion of certain elements which are difficult to determine chemi- 
cally. In spectrochemical methods the determination is usually 
carried out on the ash of the plant. For the best results in quan- 
titative work, the ash should be nearly carbon-free. For some 
of the trace elements, e.g. molybdenum and zinc, determina- 
tions by theLundegardh or Ramage flame methods are imprac- 
ticable, owing to the lack of sensitivity. It is generally prefer- 
able to use the electric arc for the excitation of the spectra. The 
latter method is very convenient since the plant ash is arced 
directly. The need for the preparation of a solution of the ash, 
with the possibility of the loss of some of the elements by ad- 
sorption on the insoluble residue, is eliminated. The most 
stable arc is given by sulphates, hence a sulphated ash is gene- 
rally preferred. Quantitative methods are based on the arcing 
of known amounts of sample, under standardized conditions, 
and determining the intensity of certain characteristic lines for 
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each element. The relationship betweeen line intensity 
concentration is usually determined by means of 
samples of known composition. 

Specially purified graphite electrodes are used to hold the 
sample of plant ash during arcing. Except for small amounts 
of boron and iron, these electrodes do not contain any impuri- 
ties which interfere with the determination of the elements in- 
cluded in this section. Copper electrodes are sometimes used, 
particularly for the determination of very small amounts of 
boron. 

Spectrochemical methods possess the great advantage that 
several elements can be determined at the same time and in the 
same sample. Moreover once a plate has been taken and filed 
there is a permanent record of the elements present in the 
sample. The minimum amounts of the various elements that 
can be detected, expressed in parts per million parts of ash, are 
given later under each element. These limits can only be 
stated approximately, since they vary somewhat with the type 
of equipment available, details of the method of excitation and 
the nature of the other ash constituents. If present in an 
amounj: below its threshold value the element in question 
escapes detection. Concentrations in the ash above these thres- 
hold values can, however, be determined with the usual spec- 
trochemical accuracy, namely ± 1 0—25 per cent, for visual 
methods or ± 5 per cent., when using a microphotometer to 
measure the intensity of the lines. 

As the concentration of the element in the material being 
arced is the practical factor limiting the sensitivity of the spec- 
trochemical method, the sensitivity can be greatly increased 
by carrying out a preliminary chemical concentration, either 
by precipitation or extractive enrichment of the element or 
elements required. In this way extremely small concentrations 
of an element in the original material can be determined. 

Polarographic methods, originally introduced by Heyrov- 
sky, are proving of considerable value in the determination of 
certain of the trace elements in plants. On account of the small 
quantities present it is usually necessary to carry out a pre- 
liminary chemical concentration of the element before its 
polarographic determination. 
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In the polarographic method of analysis, the solution to be 
analysed is placed in a small glass electrolysis vessel. A pool 
of mercury on the bottom of the vessel forms the anode and 
mercury in a glass capillary tube dipping just below the surface 
of the liquid forms the cathode. This capillary tube is so ar- 
ranged that small drops of mercury continually form at its tip 
and drop off slowly at a constant rate, every 3-4 seconds. The 
mercury surface of the cathode is thus repeatedly renewed. 
When a solution containing an electrolyte is electrolyzed be- 
tween such electrodes, and the current that flows plotted 
against the voltage applied, characteristic step-like curves are 
obtained. The position of each step on the voltage scale is 
specific for each particular element and represents its deposi- 
tion potential in the solution under investigation. The height 
of the step, i.e. the increase in the current flowing, is a function 
of the concentration of the element in the solution under in- 
vestigation. Thus, measurements of both voltage and current 
enable the specific determination of an element and its concen- 
tration in the solution being electrolyzed. 

In the case of zinc in a basal solution of ammonium chloride 
and potassium thiocyanate the deposition potential is — 1 ‘02 
volts and measurement of the current for an applied voltage 
range of 0’8 — 1 '2 volts enables the increase, corresponding 
to the amount of zinc in the electrolyte, to be determined. The 
usual polarograph is so arranged that the voltage applied to 
the electrodes can be continuously and automatically increased 
by means of a potentiometer. Geared to the potentiometer is a 
drum holding a sheet of sensitized photographic paper, and 
a spot of light, reflected from the galvanometer mirror, auto- 
matically produces a continuous record of the current flowing 
between the electrodes for each applied voltage. In some of 
the most recent instruments a pen recorder takes the place of 
the galvanometer and sensitized paper. From the magnitude 
of the increase in cxirrent at any defined voltage, the concentra- 
tion of the element in the solution can be determined. More 
detailed explanations of the polarographic method of analysis 
have been published by Walkley (15) and by Lingane and 
Kolthoff (8). The accuracy attainable depends on several 
factors, including the amount of the element present and the 
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nature and amount of the other constituents. Under favour- 
able conditions an accuracy of ± 2 per cent, is attainable. 

BORON 

The amounts of boron occurring in plant materials are very 
variable and values from 2-100 mg. per kg. of dry matter 
have been reported for normal plants. In cases of boron injury 
much higher amounts are often found. 

The usual chemical methods for the determination of boron 
are based either on the titration of boric acid, or the develop- 
ment of a blue colour with quinalizarin in concentrated sul- 
phuric acid. Boric acid is a very weak acid and cannot be titrated 
directly in dilute solution. However, in the presence of mul- 
tivalent alcohols, a complex acid is formed, which is much 
more highly ionized and can be titrated directly. Mannitol is 
better than glycerol for this purpose, since it can readily be 
obtained pure, a smaller amount is needed, and the change at 
the end point is sharper. Invert sugar is also very suitable and 
considerably cheaper than mannitol for this titration. 

Carbon dioxide must first be removed by boiling the acidi- 
fied solution containing the boric acid to be determined. The 
solution is then neutralized to methyl red, invert sugar or man- 
nitol added, and titrated with carbon dioxide-free alkali, until 
the phenolphthalein end point is reached. The amount of 
alkali used between the methyl red and phenolphthalein end 
points, corrected for that used in a blank determination, corre- 
sponds to the boric acid present. Carbonates, phosphates and 
other substances, buffering the solution between pH 4‘5 and 
8 ‘4, must be absent, otherwise they will affect the titration be- 
tween the end points of the two indicators used. 

The volumetric method is not very sensitive. The titration 
corresponds to the following equation: 

H3BO3 + NaOH == NaB02 + 2 H 2 O 
Thus 1 ml. of the most dilute standard alkali that can be con- 
veniently used for this titration (0-04N) corresponds to 0-43 
mg. of boron. It is therefore generally necessary to use rather 
large samples of material to obtain sufficient boric acid for 
the final titration. However, useful values can be obtained. 
Dodd’s method (4), details of which are given on p. 315, 
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used sucressfully for the determination of boron in 
fruit and leaves. It is desirable to determine phosphate colori- 
metricaliy on an aliquot of the solution used for the titration 
as a check on the completeness of the preliminary separation of 
phosphate. The trace of phosphate remaining should not ex- 
ceed an amount equivalent to one drop of the standard alkali 
hor the micro-determination of boron the quinalizarin 
colorimetric method offers a useful alternative to the volu- 
metric method. In concentrated sulphuric acid solutions 
quinalizarin changes to a deep blue colour in the presence of 
extrernely small amounts of boron, and the change in colour is 
related to the amount of boron present. The colour depends 
on several factors. It is developed rapidly at first, but con- 
tinues to increase slowly, until it reaches full intensity in about 
24 hours. Small differences in the amount of quinalizarin 
present afect its intensity. However, its intensity is most 
stiongly affected by small differences in the concentration of 
the sulphuric acid, present in the final solution. The colour is 
most intense in concentrated sulphuric acid and decreases as 
the concentration falls. In sulphuric acid solution of about 93 
per cent, the method is most sensitive with amounts of 2 micro- 
grams of boron. At this level differences of OA microgram 
can be readily detected. Using sulphuric acid of 89 per cent, 
strength the method is not so sensitive, but larger amounts of 
boron can be determined. 

The method suffers from the inconvenience necessitated by 
working ^th colour solutions in concentrated sulphuric acid 
and the difficulty of preventing reagents containing acid of this 
strength from absorbing moisture from the atmosphere. 
Since slight changes in the strength of the acid in the colour 
solution have a profound influence on the shade of colour it is 
necessary to protect the sulphuric acid solutions from moisture 
during storage and to measure accuratelv the volumes of acid 
and aqueous solution used in each determination. A difference 
in strength of OU per cent, between the sulphuric acid in the 
standa^ and unknown can give rise to an error of 8-15 per 
of MaunselPs method are given on p. 3 1 6 

Ihe spectrochemical determination of boron in plant ash, 
although not very sensitive, is sufficient for its determination 
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in the amounts present in plant materials. The lower limit for 
its detection is about one part in 1 00,000 of ash, corresponding 
to 1 mg. per kg. of original sample. In amounts greater than 
this it can be readily determined. Its presence has been noted 
in all plant samples analyzed spectrochemically in these labo- 
ratories. 

The Determination of Boron; Dodd’s Method (4). 

Reagents: 

N Sodium Hydroxide. Dissolve 40 g. of reagent grade 
sodium hydroxide in water and dilute to 1 litre. 

0'04N Calcium Hydroxide. Dilute lime water to this 
strength and standardize by titration against potassium bi- 
iodate. 

Calcium Chloride. Dissolve 20 g. of reagent grade cal- 
cium chloride (CaCl 2 . 6 H 20 ) or 13 g. of calcium chloride 
(dry) in water and dilute to 1 00 ml. 

Invert Sugar. Dissolve 500 g. of reagent grade sucrose 
in 170 ml. of hot water, boil and add 10 ml. of N sulphuric 
acid. After 30 seconds add 250 ml. of water containing 1 0 ml. 
of N sodium hydroxide. Mix well. If not quite neutral to 
phenolphthalein adjust the reaction accordingly. 

Method: 

Ash the sample in the presence of sodium hydroxide and 
obtain the boric acid in solution, free from silica by the method 
given on p. 269. To this solution, in the 1 00 ml. volumetric 
flask, add 5 ml. of calcium chloride solution. Make just alka- 
line to phenolphthalein, by the cautious addition of N sodium 
hydroxide from a burette, shaking the flask continuously dur- 
ing the addition. Add sodium hydroxide until a faint pink 
colour persists. If made too strongly alkaline some borate is 
precipitated with the phosphates. Dilute the solution to the 
graduation mark, mix well and allow to stand for a few 
minutes. Then filter through a dry 9 cm. Whatman No. 44 
filter paper, discarding the first runnings and collecting the 
filtrate in a dry flask. Transfer 75 mi. of the clear filtrate to 
a 250 ml. 
make just 
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phuric acid. Then add an excess of 4-5 drops of this acid and 
boil gently for 2 minutes to expel carbon dioxide, using two 
glass beads to promote even boiling. Cover with a clock o-kss 

to prevent re-absorption of carbon dioxide, and cool rapidlv in 
running water. m 

When cold, titrate with 0-04N calcium hydroxide to tbe 
neutral point of methyl red. Read the burette at this kge as 
this IS the starting point of the boric acid titration. Add ImJ 
of invert sugar solution (or 3-5 g. of mannitol) and continue 
the titration to_ the phenolphthalein colour change. The 
amount of alkali between the methyl red and phenolphthalein 
end points corresponds to the boric acid present in the 75 ml. 
aliquot. One rnl. of 0-04N calcium hydroxide corresponds to 
0-432 mg. of boron. 

Carry out a blank determination, using all the reagents in- 
cluding the sodium hydroxide used for the ashing. Include 
0 05 g. of potassium hydrogen phosphate in the blank deter- 
mination so as to allow for incomplete separation of the last 
traces of phosphate. Correct the titration for the amount of 

standard calcium hydroxide used in the blank. 


The Determination of Boron: Maunsell’s Quin- 
alizarin Method (11). 

Reagents: 

Concentrated Sulphuric A cid. 99 • 4 per cent This acid 
Jould be kept in n bottle fitted with an aStoma* pipSo 
deliver 9 ml. The bottle and pipette must be protected, by 
guard tubes, to prevent ingress of moisture. In withdrawing 
9 ml. portions, the draining time of the pipette must be closely 
Standardized. ■ 

Quindizarm Solution. Dissolve 0 • 0 1 g. of quinalizarin 
m a mixture of 90 ml. of 98 * 5 per cent, sulphuric acid and 1 G 
ml. or water. 

Dilute Sulphuric Acid. Dilute 5 ml. of concentrated 
sulphuric acid to 500 ml. 

Calcium Hydroxide. Prepare a saturated solution. 

Standard Rork Acid. Dissolve 2-857 g. of boric acid in 
water and dilute to 1 litre. One ml. contains 0 - 5 mg. of boron, 
ilute 20 ml. of this solution to 1 litre to obtain a solution 
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containing 1 0 micrograms of boron per millilitre. For a work- 
ing standard dilute this tenfold, so that 1 ml. = 1 microgram 
of boron. 

Method: 

Ignite 1 g. of the plant sample in a platinum basin in a 
muffle furnace at approximately 450° C. for a short time. 
Cool, add 2 ml. of saturated calcium hydroxide and evaporate 
to dryness. Re-ignite the material at approximately 600 C. 
When cool take up the residue in 6—1 5 ml. of dilute sulphuric 
acid, depending on the amount of boron present. Stir thor- 
oughly with a glass rod, transfer to a centrifuge tube and 
centrifuge until the supernatant liquid is clear. By means of a 
pipette, transfer a 1 ml. aliquot to a dry test tube, add 9 ml. 
of concentrated sulphuric acid and 0*5 ml. of quinalizarin 
solution. Stir with a dry glass rod, place in a desiccator and 
leave overnight. Next day determine the colour (red units) 
in a tintometer, or compare the colour with that of a series of 
standards developed at the same time. To prepare the stan- 
dards, take the required amount of boric acid solution, dilute 
to 1 ml. with water and add sulphuric acid and quinalizarin 
exactly as in the unknown determination. 

When using a tintometer prepare a standard graph correlat- 
ing the red units with the amount of boron present. From this 
graph read oft' the amounts of boron in the unknown solution. 
The tintometer is most suitable for matching the colours pro- 
duced by quantities of 1—4 micrograms of boron. Very small 
quantities (OT-I microgram) are best judged by comparing 
the colour visually rather than by the tintometer. 

COBALT 

On account of its importance in the nutrition of ruminants 
it is often necessary to determine cobalt in plant materials. 
The amounts present are usually extremely small and very 
variable. Few figures are available except for pasture samples. 
Cobalt deficient pastures may contain as little as 0 ’ 0 1 mg. per 
kg. of dry matter and probably average about 0 ’ 04 mg. per 
kg. Normal pastures generally contain O’ 05 to 0-5 mg. of 
cobalt per kg., OT-0'2 mg. per kg. being common values. 
There is some seasonal variation in the amount of cobalt 
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present. Much higher values may be found, particularly in 
the young growth in pastures which have been treated with 
cobalt fertilizers. 

The spectrochemical and polarographic determinations of 
cobalt pr^ent many difficulties, owing to the small amounts 
present. The lower limit for the spectrochemical determina 
tion IS about 5 parts of cobalt per million parts of plant ash 
corresponding to about 0 • 5 mg. per kg. of the original sample! 
It can therefore seldom be determined spectrochemically' 
unless a preliminary separation is carried out and the cobalt 
concentrated by precipitation, or by one of the methods of ex- 
tractive enrichment. The proximity of its deposition potential 
to that of zinc, and the small amount present in relation to the 
arnount of this latter element, makes the polarographic deter- 
mination of cobalt uncertain. 

Cobalt forms an intensely coloured soluble compound with 
nitroso-R-salt (sodium salt of 1-nitroso 2-napthol 3; 6-disul- 
phonic acid). This cobalt compound is stable in nitric acid 
and forms the basis of an extremely sensitive colorimetric 
method for the determination of small amounts of the ele- 
ment. Copper and iron if present in excessive quantities may 
interfere with the determination, but, according to McNaught, 
It IS seldom necessary to separate the small amounts present in 
plant materials, before the determination of cobalt. 

^ In Kidson and Askew’s method (7) details of which are 
given on p. 321, the plant material is ashed with nitric acid, 
particular care being taken to ensure decomposition of the last 
tra.ces of organic matter, which might otherwise give rise to a 
yellow colour in the final solution and lead to fictitiously high 
vdues for cobalt. After solution of the ash and removal of 
silica, nitroso-R-salt is added and the cobalt colour developed 
under controlled conditions. The conditions prescribed for the 
development of the cobalt derivative of nitroso-R-salt must 
be closely followed. An unduly prolonged time of boiling in 
the acid condition, after the addition of the reagent, leads to 
definite bleaching of the colour while the addition of an ex- 
cessive amount of sodium acetate causes a greenish yellow 
appear in the solution. After the formation of the 
cobalt complex, nitric acid is added to stabilize this complex, to 
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destroy the corresponding iron and copper compounds and to 
reduce the intensity of colour of the excess reagent. The 
colour is then compared against standard colours, prepared 
under exactly the same conditions. Satisfactory determina- 
tions of cobalt in plant samples can be made by this method in 
the presence of 6 mg. of iron, 6 mg. of manganese and 1 • 5 mg. 
of titanium. 

McNaught (12) has developed a similar method for the 
determination of cobalt and finds that quantities of cobalt 
from O' 05 to 20 micrograms can be accurately determined. 
The^ colour is easier to match if the amount does not exceed 
5 micrograms. The colour is most conveniently matched in 
long, narrow tubes. Owing to the small amounts of cobalt 
present, and the colour of the excess of reagent, matching by 
means of a colorimeter is impracticable. Iron, up to 1,000 
micrograms, and copper up to 100 micrograms, do not inter- 
fere with the determination of 1 microgram of cobalt in plant 
ash by McNaught’s method. If, however, iron and copper 
are present in excessive amounts they should be removed from 
the solution of the ash, by extraction with ether and precipita- 
tion with hydrogen sulphide respectively. Excessive amounts 
of iron in plant ash usually denote gross soil contamination. 

After developing the cobalt colour it should be protected 
from light as much as possible} it must on no account be ex- 
posed to direct sunlight. At low cobalt levels there is an in- 
crease in the intensity of the apparent cobalt colour on exposure 
to light, due to the action of light on the 1 -nitro 2-napthol 3 : 6- 
disulphonic acid (resulting from the action of nitric acid on 
the excess of nitroso-R-salt). Especially when determining 
amounts of cobalt below 1 microgram, the tubes used for 
matching should be shielded from light. They can be con- 
veniently protected by enclosing them in a length of rubber 
tubing. 

_Marston and Dewey (10) have made an exhaustive study 
of the conditions governing the extraction of cobalt by dithi- 
zone and its subsequent determination as the coloured com- 
plex with nitroso-R-salt. Details of their method for cobalt 
m plant materials are given on p. 323. In this method the 
organic matter is oxidized by nitric, sulphuric and perchlori' 
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acids and silica is separated by filtration. Most of the sulphuric 
acid is removed by evaporation and volatilization, since the 
large amounts of alkali required to neutralize it may introduce 
extraneous cobalt and the high concentration of the neutral 
salts interferes with the formation and partition of the dithi- 
zone metal complexes. Copper is then removed by extraction 
with dithizone at a reaction of about pH 3-4, in the presence 
of citrate, and can be determined in this extract. The reaction 
of the copper-free solution is then adjusted to pH 8*3, using a 
buffered soda solution to avoid local excessive alkalinity and 
precipitation of iron and calcium phosphates. At this reaction 
cobalt is quantitatively extracted by dithizone. The dithizone 
in the extract is then destroyed and the cobalt converted to 
sulphate. After removal of the excess of sulphuric acid the 
cobalt sulphate is dissolved in a buffer solution of pH 8 ‘ 0 and 
the colour developed with an excess of nitroso-R-salt. The 
colour is then stabilized with nitric acid and the excess of 
reagent destroyed by bromination. This last step destroys all 
of the light yellow colour due to the 1 -nitro 2-napthol 3 : 6- 
disulphonic acid, produced by the action of nitric acid on the 
excess of nitroso-R-salt. After removing the excess of 
bromine, the pure red colour of the cobalt complex remains. 
The colour of the cobalt complex is very stable and is un- 
affected by bromine in relatively strong acid solution, so that, 
after discharging the colour of the excess of reagent, the red 
colour remaining is directly proportional to the concentration 
of cobalt. It can then be compared directly in a colorimeter, 
or determined in a photo-electric colorimeter. By this method 
1 microgram of cobalt can be estimated with considerable pre- 
cision (±5 per cent.) while amounts exceeding 5 micrograms 
can be determined with the precision usually attainable in 
direct colorimetry (± 1 per cent.). 

Owing to the difficulties which sometimes arise from the 
precipitation of iron and calcium phosphates, leading to low 
values for cobalt, many analysts prefer to separate cobalt from 
an acid solution. S. T. Evans (p-iv. comm.) precipitates 
cobalt, together with copper and iron, by means of a-nitroso^- 
napthol in dilute acid solution, dissolves the precipitate and 
extracts copper and cobalt from the solution by means of dithi- 
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zone. R. W. Pickering (friv. comm.) extracts cobalt and 
copper as thiocyanates in a mixture of amyl alcohol and ether, 
and then converts the copper and cobalt to sulphates. In both 
methods the cobalt is determined colorimetrically, in the 
presence of copper, as the complex with nitroso-R-salt. Copper 
does not interfere with the cobalt colour provided that an ex- 
cess of nitroso-R-salt is used and the colour is developed at 
pH 8 in the presence of citrate. Pickering has simplified the 
final operations involved in developing the colour of cobalt 
with nitroso-R-salt, retaining the bromination to decolourize 
the excess of reagent. Details of this method for the develop- 
ment of the cobalt colour are given on p. 326 . 

Cobalt occurs in soils in concentrations of 20-1 00 times as 
great as that in plants. The utmost precautions must be taken 
to avoid contamination of pasture samples with soil. One per 
cent, of soil in a pasture sample may easily double the ap- 
parent amount of cobalt in the plant material. Most reagents 
aie reasonably fiee from cobalt. However, for critical work 
it is desirable to use recrystallized salts and redistilled acids 
as far as possible. 


The Determination of Cobalt: Kidson and Askew’s 
Method (7). 

Reagents: 

HydnochloTic Acid. Dilute one volume of concentrated 
hydrochloric acid with two volumes of water. 

0 5 N Hydi ochloric Acid. Dilute 4-5 ml. of concentrated 
hydrochloric acid to 1 litre. 

Nitric Acid. Dilute concentrated nitric acid with an equal 

volume of water. 


^ Potassium Hydroxide. Dissolve 1 0 g. of potassium hyd- 
roxide in water and dilute to 1 00 ml. 

Phenolfhthalein Solution. Dissolve O' 2 s. of ohenol- 
phthalein in 1 00 ml. of alcohol. ^ 

Nitroso-R-Salt. Dissolve 0 ' I g. of the pure crystals in 
water and dilute to 100 ml. 

Standard Cobalt Solution. Dissolve O ' 403 7 g. of pure 
cobalt chloride (C0CI2.6H2O) in water, add 1 0 ml. of hydro- 
chloric acid and dilute to 1 litre. One ml. of this solution cor- 
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responds to 1 00 micrograms of cobalt. From this solution 
prepare a working standard containing 0‘S micrograms of 
cobalt per millilitre. 

Method: 

Transfer 10 g. of the oven-dry sample to a silica basin, 
add 30 ml. of dilute nitric acid (1 + 1) and mix thoroughly. 
Ignite over an Argand burner and then in a muffle furnace, as 
completely as possible, at a very dull red heat. Moisten the 
ash with a further 5-1 0 ml. of dilute nitric acid, dry over a hot 
plate at low heat, and again ignite in the muffle furnace at a 
very dull red heat. Repeat the treatment with nitric acid, dry- 
ing and igniting once more. These repeated treatments are 
necessary to destroy some form of organic compound which 
otherwise is liable to persist and interfere with the final cobalt 
colour. 

Dissolve the ash in 30 ml. of dilute hydrochloric acid 
(1 +2), heating gently on the water bath or hot plate for 
about 20 minutes. Filter through an 1 1 cm. Whatman No. 44 
filter paper collecting the filtrate in a 100 ml. pyrex basin. 
Wash the filter and residue three times with hot water. Then 
evaporate the filtrate nearly to dryness, take up in 10 ml. of 
water, add 1 ml. of dilute hydrochloric acid (1 + 2) 
and 8 drops of dilute nitric acid (1 + 1 ) . Transfer the 
solution to a 100 ml. Erlenmeyer flask, keeping the volume 
of solution at approximately 1 5 ml. Boil for a few minutes to 
oxidize any reducing substances, cool and add exactly 2 ml. of 
nitroso-R-salt solution, followed by 2 g. of sodium acetate. 
Heat to about 70° C., add 6 drops of phenolphthalein solution 
(not more) and then potassium hydroxide solution, drop by 
drop, with constant shaking, until a pink colour just appears. 
Immediately add 0 ‘ 5N hydrochloric acid until the pink colour 
is just discharged. Precise adjustment of the reaction at this 
stage is important. Boil for exactly two minutes, keeping the 
solution acid by the addition of a drop or two of 0 ‘ SN hydro- 
chloric acid if it shows a tendency to become alkaline to 
phenolphthalein. After boiling for two minutes add 5 ml. of 
dilute nitric acid (1 + 1) and boil for a further two minutes. 
Cool quickly by means of running water. Dilute to a volume 
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oils ml. and filter, in the dark, into a colorimetric tube. Com- 
pare the colour against that of a standard, freshly prepared as 
described below. When very small amounts of cobalt are 
present keep the solutions in the dark as much as possible and 
make the colour comparison without undue delay, for the 
colour of the solution deepens on exposure to light. This 
effect is not so important when the amount of cobalt present 
exceeds 5 micrograms. 

To prepare the standard colour solutions dilute suitable 
aliquots of the cobalt chloride solution to 1 5 ml. and add 8 
drops of dilute nitric acid ( 1 + 1 ) and 1 ml. of dilute hydro- 
chloric acid (1 +2) to each. Then add exactly 2 ml. of 
nitroso-R-salt followed by 2 g. of sodium acetate and develop 
the colour exactly as described above. 

The Determination of Cobalt: Marston and Dewey’s 
Method (10). 

Reagents: 

Concentrated Sulfhuric Acid. Redistil from pyrex glass 
(p. 306). 

Concentrated Nitric Acid. Redistil from pyrex glass 
(p.306). 

Perchloric Acid S.G. 1' 54. Highest grade analytical re- 
agent. 

0 '2M Citric Acid. Dissolve the purest citric acid in water 
and standardize by titration of an aliquot with a standard solu- 
tion of carbonate-free sodium hydroxide, using phenolph- 
thalein as indicator. 

N Sodium Hydroxide. Prepare this solution from a con- 
centrated (carbonate-free) solution of sodium hydroxide 
(p. 120). 

Bujfered Soda. Dissolve 6 ‘ 1 84 g. of boric acid and 
35 62 g. of sodium phosphate (Na 2 HP 04 . 2 H 20 ) in water, 
add 500 ml. of N sodium hydroxide and dilute to 1 litre. 

Dithizone in Carhon T etrachloride. (O' 05 per cent, 
dithizone). Dissolve O' 25 g. of dithizone in carbon tetra- 
chloride and purify by the method given on p. 332. Dilute 
the final carbon tetrachloride extract to a volume of 1 litre and 
keep in a pyrex glass bottle in a refrigerator at 2-5° C. 



SOIL AND PLANT ANALYSIS 


324 

Dithhone in Chloroform. (O' 2 per cent, dithizone). 
Dissolve dithizone in chloroform containing one per cent, of 
alcohol and purify from oxidation products and heavy metals 
in the same manner as the tetrachloride solution. 

Brom Phenol Blue. See p. 1 27. 

Cresol Red. Seep. 127. 

Methyl Red. Dissolve O' 02 5 g. in 100 ml. of 60 per 
cent, alcohol. 

PhenolfhthaLdn. Dissolve O' 05 g. in 100 ml. of 50 per 
cent, alcohol. 

Nitroso-R-Sdt. Dissolve 1 g. of the pure salt in water 
and dilute to 500 ml. This solution is quite stable. (Nitroso- 
R-salt may be prepared as follows: Dissolve 35 g. of the re- 
fined sodium salt of 2-napthol 3 : 6-disulphonic acid (R salt) 
in about 400 ml. of water, acidify with 1 0 ml. of concentrated 
hydrochloric acid, cool to 1 0° C. and add drop by drop, over a 
period of 30 minutes, 7 g. of sodium nitrite dissolved in 25 ml. 
of water. Keep the reaction mixture cooled with ice. Filter off 
the yellow crystals, wash with ice-cold water and finally with 
cold alcohol.) 

Bromine Solution. Dilute a saturated solution of bromine 
in water until it is 0 ' 2N, determined by titration with standard 
thiosulphate after the addition of potassium iodide. The solu- 
tion is not stable. 

Standard Cohalt Solution. From a solution of cobalt nit- 
rate, containing 1 mg. of cobalt per millilitre, prepare fresh 
solutions as required containing 1 microgram of cobalt per 
millilitre. 

Method: 

Digest 1 0 g. of plant material (or sufficient to contain 
1-5 micrograms of cobalt) in a 500 ml. Kjeldahl digestion 
flask, using the method described on p. 272. For this diges- 
tion use 80 ml. of nitric acid, 3 ml. of sulphuric acid and 5 ml. 
of perchloric acid. When digestion is complete, cool and dilute 
the contents of the flask with 1 0 ml. of water. Boil for a few 
minutes and then filter through a 9-1 1 cm. Whatman No. 44 
or 544 filter paper, which has been previously soaked in 10 
per cent, hydrochloric acid and thoroughly washed. Collect 



the filtrate and washings in a silica basin. Cautiously evaporate 
and fume olF, over a carefully regulated hot plate, until only 
a trace of sulphuric acid remains. A trace of sulphuric acid 
must be left at this stage to prevent the formation of insoluble 
iron oxides by decomposition of ferric sulphate. Precipitation 
at any stage of the analysis is to be avoided, owing to the ten- 
dency of cobalt to be adsorbed. 

After fuming off all but the last drop of sulphuric acid, take 
up the residue in 7 • 5 ml. of 0 • 2N citric acid and dilute to about 
30 ml. Add 5 drops of brom phenol blue and run in N sodium 
hydroxide, drop by drop, until a distinct greenish-blue colour 
appears through the yellowish tint, imparted by the ferric 
citrate. The_ solution must still be acid to methyl red. Trans- 
fer the solution to a 1 00 ml. separating funnel, rinse the basin 
with water and dilute to about 50 ml. so that the citrate concen- 
tration is 0 03M. Extract this solution by shaking vigorously 
with three or more lots, each of 20 ml., of dithizone in chloro- 
form, separating the chlorof orm layer each time and collectino- 
it in a SO ml. micro-Kjeldahl digestion flask. Three separa- 
tions are usually sufficient, but the extraction must be con- 
tinued Until the dithizone is no longer exhausted by combina- 
tion with heavy metals from the aqueous phase. Reserve the 
chloroform extract for the determination of copper (p 335) 
After the removal of copper from the aqueous phase, wash 
this solution by shaking once with 20 ml. of chloroform, dis- 
carding the chloroform. Then add a few drops of phenol- 
phthalein and adjust the reaction of the aqueous phase to pH 
8 3, by cautiously titrating with buffered soda until the first si o-n 
of purphsh-pi^ colour appears. About 6 ml. of buffered soda 
are required. To detect this colour change, the titration must 
be carried out in a good light and against a white background. 
Af er adjusting the reaction to pH 8-3 extract the cdDalt by 
shaking vigorously with three lots, each of 1 0 ml. of the tetra- 
laverihf / dithizone, separating the tetrachloride 

y Lroe and collecting it m a pyrex boiling tube (about 

withT' ^ ^ solvent and digest the residue 

with I ml. of nitric acid 0-2 ml. of sulphuric acid and OT ml. 

Iheth^rr'^^’q^'V Rinse the contents 
of the tube into a silica basin, remove the water by evaporation 
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and fume off the sulphuric acid completely by heating in a 
muffle furnace for five minutes at 350° C. 

Dissolve the residue in 1 ml. of 0'2M citric acid and rinse 
back into the boiling tube, using a minimum amount of water. 
If the volume exceeds 5 ml. reduce to this volume by evapora- 
tion of the acid solution. Cautiously adjust the reaction to pH 
8 • 0 by adding 1 • 2 ml. of buffered soda. Check the reaction by 
withdrawing a small drop and testing with cresol red. Then 
develop the cobalt nitroso-R-salt complex by introducing 1 
ml. of 0 • 2 per cent. nitroso-R-salt, by means of a pipette with 
a fine jet, shaking vigorously during the addition. Boil the 
solution for one minute, add 1 ml. of concentrated nitric acid 
and boil for a further minute. Then discharge the yellow 
colour of the excess reagent by adding 0‘5 ml. of 0'2N 
bromine to the warm solution, allowing the reaction to pro- 
ceed for five minutes before boiling for one minute to expel 
the excess of bromine. Even boiling can be assured by the use 
of a glass boiling stick or one or two glass beads. 

After removing the excess of bromine, cool the solution, 
dilute to 10 ml. and compare the colour against a standard 
prepared by adding the required amount of cobalt to 1 ml. of 
0'2M citric acid, adjusting the reaction with 1 ‘2 ml. of buf- 
fered soda and developing the cobalt colour exactly as de- 
scribed for the unknown solution above. 

The Determination of Cobalt: Development of 
Cobalt Nitroso-R-Salt Complex according to 
Bayliss and Pickering (1). 

This modification of Marston and Dewey’s method for the 
development of the cobalt colour is as follows: 

Reagents: 

Concentrated, Nitric Acid. Redistil from pyrex glass 
(p. 306). 

Concentrated Ammonia. Dissolve ammonia gas in glass 
distilled water. 

M Ammonium Citrate. Dissolve 210 g. of reagent grade 
citric acid in about 400 ml. of water, add 200 ml. of concen- 
trated ammonia and cool the solution. Then add further 
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amounts of ammonia until the solution is just alkaline to 
phenolphthalein, used as an external indicator. Dilute to 1 
litre and remove metal impurities by extracting the solution 
with successive small portions of dithizone dissolved in chloro- 
form. Remove the excess of dithizone by shaking with one or 
two lots of chloroform alone. Finally remove the excess of 
chloroform by means of amyl alcohol. Store the purified 
reagent in a stoppered reagent bottle. 

Nitroso-R-Salt. Dissolve 1 g. of pvire nitroso-R-salt in 
water and dilute to 1 00 ml. 

Bromine Water. Prepare a saturated solution in water. 

Standard Cobalt Solution. See p. 321. 

Method: 

After separation of the cobalt from the plant ash it is ob- 
tained in solution in a small excess of sulphuric acid. Copper 
does not interfere unless present in an excessive amount. 

Add 5 ml. of concentrated ammonia to the solution, to 
neutralize the sulphuric acid, and evaporate on a water bath to 
remove the excess of ammonia. Take up the residue in 5 ml. 
of M ammonium citrate, 5 ml. of water and O’ 5 ml. 
of nitroso-R-salt. Heat for about 10 minutes on the 
water bath and then add 5 ml. of concentrated nitric acid. 
Heat for a further 5-1 0 minutes, transfer the solution to a 
boiling tube and dilute to 15 ml. While still warm add 2 ’5 
ml. of bromine water, allow to react for 15 minutes and then 
boil to expel the excess of bromine. When cold, dilute to 15 
ml. and compare the colour with that obtained from a known 
amount of cobalt treated similarly. 

COPPER 

The most common range of copper in plant materials is 
covered by 1-20 mg. per kg. of dry matter. These small 
amounts can be determined accurately by chemical and spectro- 
chemical methods. 

Copper is extractable by dithizone in carbon tetrachloride 
from dilute mineral acid solutions as add as pH 1. At pH 3, 
however, equilibrium between the tetrachloride and the 
aqueous phases is much more rapidly established and the whole 
of the copper is quickly extracted. This gives a rapid and quan- 
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titative separation of copper from most of the other ash con- 
stituents. Apart from the fact that the colour is not specific 
for copper under these conditions of extraction, copper dithi- 
zonate is not very suitable for the exact quantitative deter- 
mination of copper. Having extracted the copper as dithi- 
zonate it is preferable to make use of a second reaction in 
which copper forms a strongly coloured complex with diethyl- 
dithiocarbamate. This compound can be extracted by amyl 
alcohol and its colour is proportional to the amount of copper. 
Of the metals either wholly or partly extractable by dithizone 
at pH 3, bismuth is the only other one which also gives a 
coloured compound with sodium diethyldithiocarbamate. If it 
IS present it, therefore, interferes with the determination of 
copper.^ It is practically never detectable in plants in significant 
quantities. A confirmatory test can always be applied, either to 
prove its absence or to correct for the amount of colour due to 
it. This is done by adding potassium cyanide to the solution 
remaining after the colour comparison. On the addition of 
cyanide the whole of the copper is converted to colourless 
cuprocyanide, since potassium cuprocyanide is more stable than 
copper diethyldithiocarbamate, and the copper passes out of 
the amyl alcohol to the aqueous phase. Bismuth does not 
form a corresponding double cyanide. Hence any colour re- 
maining in the amyl alcohol layer indicates the presence of 
bismuth. By comparing its intensity a suitable correction can 
be applied to the amount of copper previously determined. 

The method which has been used in these laboratories for 
some hundreds of copper determinations is based essentially 
on that of Sylvester and Lampitt ( 1 4), modified to ensure that 
the whole of the copper is extracted from the sample. Details 
are given on p, 331. The method involves no filtrations. 
Organic matter is destroyed by digestion with nitric, sulphuric 
and perchloric acids and copper separated from most of the 
other inorganic constituents, by extraction of the solution at pH 
3, with dithizone in carbon tetrachloride. The tetrachloride 
is then removed by evaporation and the dithizone destroyed 
by digestion with a few drops of sulphuric and perchloric 
acids. This leaves the copper, and any other metals extracted 
by dithizone at pH 3, in solution as sulphates, in an excess of 
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sulphuric acid. After dilution and the addition of an excess of 
ammonia, copper is precipitated as copper diethyldithiocarba- 
mate. This is extracted by shaking with a measured volume of 
amyl alcohol, which dissolves the copper compound to give a 
strongly coloured solution. The intensity of this yellowish 
brown colour of the amyl alcohol phase is then compared, in a 
colorimeter, with that of a standard containing a known 
amount of copper. If necessary, a correction is made for any 
bismuth present. 

This method is extremely sensitive since the whole of the 
copper is separated from the other ash constituents and con- 
centrated in the few millilitres of amyl alcohol used. It is 
superior to other methods which use either dithizone or 
diethyldithiocarbamate alone, particularly when only very 
small amounts of copper are present. In methods using dithi- 
zone alone, copper is extracted from a dilute mineral acid solu- 
tion, the excess of dithizone removed from the tetrachloride 
phase and the colour of the copper dithizonate determined 
against a standard. Although the method is very sensitive the 
colour is not very stable and its shade and intensity are very 
susceptible to slight changes in the conditions prevailing dur- 
ing the extraction and the removal of the excess of dithizone. 

The method described below is very straightforward and 
there is little trouble from interference, due to other ash con- 
stituents. The digestion with nitric, sulphuric and perchloric 
acids is preferable, but copper can also be determined after dry 
ashing with sulphuric acid, provided that the silica is removed 
by hydrofluoric acid treatment (p. 337). After the wet diges- 
tion small amounts of nitrosyl-sulphuric acid remain and, un- 
less these are destroyed, they oxi^ze some of the dithizone 
during the extraction. This oxidation can be prevented by 
diluting the digest and boiling it for 10—15 seconds, before its 
neutralization and extraction. 

Some plant materials contain larger amounts of calcium 
than usual and, in such cases, it may be difiicult to keep all of 
the calcium in solution at the time of the extraction. For such 
samples, rich in calcium, it is necessary to take a smaller weight 
of material. Some, copper may be adsorbed on the calcium sul- 
phate, unless it is entirely in solution at the time of the extrac- 
tion. 
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Solutions of sodium diethyldithiocarbamate are stable for 
several months, if kept in the dark. In ammoniacal solutions, 
in the presence of a small excess of the reagent, the colour of 
copper diethyldithiocarbamate is also quite stable. It will re- 
main unchanged for at least 1 0 days in the dark or in diffused 
daylight. It fades more rapidly in bright sunlight. The colour 
can always be restored to its full intensity by the addition of 
two or three drops of fresh reagent. The intensity of the 
colour is not affected by the amount of ammonia used to neu- 
tralize the solution. 

In making colour comparisons the standard should not be 
left for unduly long periods in the cup of the colorimeter, 
otherwise evaporation of the amyl alcohol occurs and the con- 
centration of the copper diethyldithiocarbamate increases 
above the theoretical value. This increase in concentration of 
the standard colour solution leads to erroneously low values 
for copper in solutions compared against it. In cool weather 
only a small amount of evaporation occurs in one hour, but in 
warm weather the error is not negligible. 

In determining copper in some substances high in iron, e.g. 
root materials, the colour of the amyl alcohol layer is greyish- 
brown, rather than the true colour of copper diethyldithiocar- 
bamate, and it is difficult to match it with that of the standard. 
The small amounts of iron usually present in plant materials 
do not affect the colour. The interference due to excessive 
amounts of iron can be prevented by the addition of sodium 
pyrophosphate, before developing the colour with sodium 
diethyldithiocarbamate, since ferric pyrophosphate is a more 
stable complex than the carbamate. 

The optimum amount of copper for determination by this 
method is 5 to 10 or 15 micrograms, but quantities of 2-35 
micrograms can be conveniently determined, using the stan- 
dard amounts of reagents given below. Larger amounts may 
be determined by taking a suitable aliquot, or by increasing the 
amount of amyl alcohol used. Quantities of 1-5 g. of plant 
material are usually very convenient when using either the 
nitric-sulphuric-perchloric acid digestion or the method of dry 
ashing. 

The precautions to be observed in preventing contamination 
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with copper during analysis have already been indicated. Since 
it is not possible to remove completely the last traces of copper 
from the reagents a blank determination must always be 
carried out, using the same quantities of reagents as in an actual 
determination. The amount of copper found in the blank 
determination should not exceed 0 ' 5-0 ' 6 micrograms. 

The spectrochemical determination of copper is very sensi- 
tive, since copper is one of the elements most easily excited in 
the electric arc. Flame methods of excitation are equally sen- 
sitive for this element. Its lines are clearly recognizable when 
present in amounts even less than one part per million parts of 
ash. On the basis of an ash content of 1 0 per cent., this corres- 
sponds to a sensitivity better than 0 ’ 1 part of copper per 
million parts of plant material. 

The Determination of Copper (After Wet Digestion) 

Reagents: 

Concentrated, Sulphuric Acid. Redistil from pyrex glass 
(p. 306). 

Concentrated Nitric Acid. Redistil from pyrex glass (p. 
306). 

Perchloric Acid S.G. 1'54. Specially select a reagent 
quality perchloric acid which is low in copper or redistil from 
pyrex glass (p. 306). 

Sodium Perchlorate. Dissolve 550 g. of pure sodium 
perchlorate in water and dilute to 1 litre. Add a few drops of 
a dilute solution of sodium hydroxide until the solution is al- 
kaline, when tested with phenol red as an external indicator. 
Filter, if necessary, and transfer to a separating funnel. Shake 
with successive 20—30 ml. portions of dithizone Solution (see 
below) until it is seen that no more heavy metals are being 
extracted. Then shake with a final lot of 50 ml. of carbon 
tetrachloride alone, separating as completely as possible. 
Acidify with a few drops of sulphuric acid and store the puri- 
fied solution of sodium perchlorate in a pyrex reagent bottle. 
The excess of dithizone remaining in it does not interfere with 
its use. 

^ Ammonia S.G. O' 91. Dissolve pure ammonia gas in glass 
distilled water. 
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^ Ammonium Citrate. Dissolve 200 g. of reagent grade 
citric acid in about 1 litre of water and neutralize to about pH 
7-8 with concentrated ammonia (about 225 ml.), using brom 
thymol blue as an external indicator. Filter, if necessary, and 
transfer the solution to a large separating funnel. When cool 
extract by shaking with successive portions of dithizone solu- 
tion, as described above for sodium perchlorate, until no 
further heavy metals can be extracted. At this stage the carbon 
tetrachloride layer shows a pure green colour. Then shake with 
50 rnl. of carbon tetrachloride and separate as completely as 
possible. Dilute to 2 litres and store in a pyrex reagent bottle. 
The excess of dithizone remaining in the aqueous phase does 
not interfere. 

Brom Phenol Blue Indicator Solution. Dissolve O’ 1 g. 
in 50 ml. of redistilled alcohol and dilute to 100 ml. with 
water. 

Bithizone in Carbon Tetrachloride. Dissolve 0-25 g. of 
dithizone in 600 ml. of carbon tetrachloride, warming to 
about 50 C. to assist solution. Transfer to a large separating 
funnel and shake with 350 ml. of water containing 3-4 ml. of 
concentrated ammonia, to extract the dithizone as the soluble 
ammonium salt. Reject the carbon tetrachloride layer and 
wash the aqueous solution by shaking with three separate lots, 
each of 75 ml. of redistilled carbon tetrachloride, rejecting 
the tetrachloride layer each time. Then add 600 ml. of redis- 
tilled cai bon tetrachloride and make the aqueous layer slightly 
acid with redistilled hydrochloric acid. Shake thoroughly. 
The purified dithizone passes into the tetrachloride phase. 
Transfer this to a second separating funnel and wash by shak- 
ing with three separate lots, each of 1 50 ml. of water, discard- 
ing the aqueous layer each time. Transfer the purified solution 
of dithizone to a stoppered pyrex reagent bottle, dilute with a 
further 750 ml. of carbon tetrachloride and store in a re- 
frigerator at 2-5" C 

For preparing the reagent technical carbon tetrachloride 

satisfactory, provided that it is redis- 
tilled from glass. 

Sodium Diethyldithiocarbamate, Dissolve 3 g. of 
sodium diethyldithiocarbamate in 100 ml. of water and filter. 
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Keep this solution in the dark in a pyrex glass dropping bottle, 
fitted with a ground-in pipette. 

Amyl Alcohol. Reagent grade. 

Standard Coffer Solution. Dissolve O’ 3930 g. of crys- 
talline copper sulphate (CUSO 4 . 5 H 2 O) in water, add 5 ml. 
of concentrated sulphuric acid and dilute to 1 litre. Dilute 
1 0 ml. of this standard solution to 1 litre, also including 5 ml. 
of sulphuric acid to stabilize it. Each millilitre of the diluted 
standard solution corresponds to 1 microgram of copper. 

Sodium Pyrofhosf hate. Heat 20 g. of anhydrous sodium 
phosphate (Na 2 HP 04 ), in a silica basin, in a muffle furnace 
for 3 hours at 370-45 0° C. When cool, dissolve in 400 ml. 
of water, transfer to a separating funnel, add 5 ml. of am- 
monia and 30-40 ml. of amyl alcohol. Then add 1 0 drops of 
sodium diethyldithiocarbamate solution and shake vigorously 
so as to extract the copper from the aqueous phase. Allow to 
stand for 1 hour and transfer the aqueous solution to a pyrex 
reagent bottle. 

Method: 

Digest a suitable amount of material (generally 1-5 g.), 
sufficient to yield 5—15 micrograms of copper, with 2 ml. of 
sulphuric acid, 4 ml. of perchloric acid and sufficient nitric acid, 
according to the method described on p. 272. If desired the 
perchloric acid in the above digestion can be replaced by 8 - ml. 
of the purified sodium perchlorate solution. In this case use 
an additional millilitre of sulphuric acid. 

When the digestion is complete, remove the flask from the 
heater, cool and dilute with 6 0 ml. of water and boil vigorously 
for 10—15 seconds, to decompose any nitric-sulphuric acid 
compound which may destroy the dithizone by oxidation. This 
boiling is most conveniently carried out over a Bunsen flame 
but the flask must be constantly agitated to prevent violent 
bumping. 

While still warm, add 1 0 ml. of ammonium citrate solution, 
to dissolve any hydrolyzed manganese compounds and to pre- 
vent the precipitation of phosphates on neutralization. Allow 
to cool, add 5 drops of brom phenol blue and carefully neu- 
tralize with strong ammonia solution adding the ammonia by 
means of a dip pipette and shaking the flask during the opera- 
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tion. The ammonia should be added carefully and only suf- 
ficient to produce a blueish-green colour in the solution; ex- 
cessive alkalinity is to be avoided since it may cause precipita- 
tion of phosphates. Rinse the neck of the flask and just restore 
the acid (yellow) colour of the indicator by the addition of one 
or more drops of dilute sulphuric acid (1 + 2), contained in 
a dropping bottle fitted with a ground-in pipette. This gives 
a solution of approximately pH 3‘0. 

_ Cool to room temperature and transfer the contents of the 
digestion flask, without filtration, to a separating funnel of 
sufficient capacity (160-200 ml.). Rinse the Kjeldahl flask 
twice, using about 25 ml. of water in all. At this stage the 
volume of the solution in the separating funnel amounts to 
about 90—100 ml. It must be sufficient to keep all calcium 
sulphate in solution. 

Add 10 ml. of dithizone reagent to the solution in the 
separating funnel and shake vigorously for 30-40 seconds. 
After standing for a minute or two, separate the tetrachloride 
layer as completely as possible, but do not allow any of the 
aqueous phase to enter the bore of the stopcock. Collect the 
separated dithizone solution in a 50 ml. micro-Kjeldahl flask, 
or suitable boiling tube. Repeat the extraction with two 
further portions of dithizone, each of 5-6 ml., shaking for 30 
seconds each time and collecting the tetrachloride layer as 
before. The whole of the copper is usually obtained in the 
first extraction if sufficient dithizone is present, since at this 
reaction copper dithizonate is formed in preference to the 
dithizonates of the other metals normally present in plants. 
An excess of dithizone is indicated by the greenish colour of 
of the reagent persisting during the second and third extrac- 
tions. The second and third extractions serve to ensure an 
excess of dithizone and to remove the small amounts of copper 
left in the separating funnel owing to the incomplete removal 
of the tetrachloride phase at each separation. If a greenish 
shade does not persist during the second and third extraction 
slightly larger volumes of dithizone should be used or a fourth 
extraction made. Sometimes, however, the dithizone layer 
becomes a cherry red colour. This may occur when extrac- 
tions are made at reactions less acid than pH 3, due to the ex- 
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traction of other metals. This does not interfere with the 
determination, but prevents the positive recognition of the 
complete extraction of copper. It may be avoided by the 
further addition of one of two drops of sulphuric acid, after 
the first or second extraction. 

When the combined dithizone extracts have been collected, 
heat the micro-Kjeldahl flask over a hot plate until the carbon 
tetrachloride is just boiled o£F. Remove the flask from the hot 
plate and add 30 drops (approximately 0'75 ml.) of concen- 
trated sulphuric acid and 2 drops of perchloric acid from 
dropping bottles with ground-in pipettes. Digest over a porce- 
lain Bunsen burner or the full heat of a hot plate until a clear 
digest is obtained (5-7 minutes). Cool, dilute with about 4 
ml. of water and transfer to a 25 ml. stoppered graduated test 
mixer, rinsing the micro-Kjeldahl flask with three lots, each 
of about 2 ml., of water. Make distinctly ammoniacal by add- 
ing 4 ml. of concentrated ammonia, shake and allow to cool. 
If several determinations are being carried out, dilute all the 
solutions to the same volume, generally about 20 ml., add 3 
drops of sodium diethyldithiocarbamate reagent and shake. 
Extract the yellow copper complex by shaking with 4—1 0 ml. 
of amyl alcohol, accurately measured by means of a pipette 
or burette. A quantity of 5 ml. is convenient for most analyses. 
Allow the solutions to stand for about half an hour, or until the 
amyl alcohol layer is quite clear, then withdraw some of it by 
means of a dry pipette and compare the colour in a micro- 
colorimeter (cups holding 1 ml.) with the colour of a standard 
solution prepared as described below. The colour is quite 
stable, except in direct sunlight, and can be compared at any 
convenient time after its development. The standard for com- 
parison can vary from O' 5 to 2 times that of the unknown 
without introducing a detectable error, so long as the volumes 
of the aqueous and amyl alcohol phases are identical in each. 

If excessive amounts of iron are present, as for example, 
in plant roots, add 2 ml. of sodium pyrophosphate before add- 
ing the ammonia and sodium diethyldithiocarbamate. This 
will prevent interference by the brownish colour of ferric 
diethyldithiocarbamate. 

The amyl alcohol colour solutions are most conveniently 
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removed from the stoppered q^linders by means of a 10-15 
ml. pipette supported in a clamp and connected (through 
rubber tubing and a length of capillary tubing) to a 
two-way stopcock, one arm of which is open to the 
atmosphere and the other to a very slowly running filter pump 
(Fig. 18). Sufficient of the amyl alcohol layer is then drawn 
o£F into the pipette, without any of the aqueous phase, and held 

in the pipette to enable the colori- 
^ meter cups to be rinsed and re- 

U filled. The pipette is rinsed with 

|| ether between successive deter- 

1 minations, the last traces of ether 

ra being removed by drawing a 

I M stream of air through the pipette. 

I y The ether must be removed com- 

I Jj pietely as traces of it cause fading 

I ^ 11 of the copper colour. 

I n Carry out a blank determina- 

I jl exactly as for an ordinary de- 
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1 solution, shake vigorously and allow to stand until the amyl 
alcohol layer is clear. Standard colour solutions containing 1 
microgram of copper, for comparison with the blank deter- 
mination, and 5, 1 0, and 1 5 micrograms are most suitable for 
general use. 

I Test for the A hsence of Bismuth: 

After making the colour comparison return some of the 
' amyl alcohol phase to the test mixer from which it was ori- 
ginally taken. Add 2 ml. of a freshly prepared 1 0 per cent, 
solution of potassium cyanide and shake vigorously. If the 
colour is completely removed from the amyl alcohol layer it 
indicates that bismuth is absent. If, however, some colour per- 
; sists, due to the presence of bismuth, determine its intensity in 
terms of the standard copper colour and make a suitable cor- 
rection for it. 

i The Determination of Copper ( After Dry Ashing ) . 

j Reagents: 

\ In addition to most of the reagents mentioned for the 

previous method the following are required, 
j Hydrochloric Acid. Constant boiling point acid redis- 

1 tilled from pyrex glass (p. 306). 

I A Reagent grade, selected for its rela- 

tive freedom from copper. It is preferable to replace it with 
I sodium fluoride. 

I So dimn Fluoride. Dissolve 40 g. of sodium fluoride in 

water and dilute to 1 litre. Add a few drops of sodium 
I hydroxide until the solution is alkaline to phenol red (ex- 

^ ternal indicator). Extract with successive portions of dithi- 

I zone in carbon tetrachloride, exactly as described for sodium 
perchlorate (p. 331). When free from heavy metals store 
in a pyrex glass reagent bottle. 

Method: 

Destroy organic matter by ashing a suitable quantity of 
material, sufficient to give 5—15 micrograms of copper, with 
j sulphuric acid in a platinum basin (p. 267) and remove the 
silica by treatment with hydrofluoric acid as detailed. Owing 
to the practical difficulties in obtaining hydrofluoric acid free 
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from copper it is preferable to use 10-15 ml. of purified 
sodium fluoride and 1 ml. of concentrated sulphuric acid. 

When the excess of sulphuric acid has been removed from 
the silica-free ash, by ignition in a muffle furnace at 500° C. 
take up the residue in 5 drops of sulphuric acid, 5 ml. of hydro- 
chloric acid and 10 ml. of water. Warm on a water bath to 
ensure complete solution, then dilute with a further 30 ml. of 
water and cool. 

When cold, transfer the solution to a separating funnel, 
rinsing the basin with three small portions of water. Add 10 
ml. of ammonium citrate and 5 drops of brom phenol blue. 
Adjust the solution to pH 3 and complete the determination 
of copper as described under the previous method. 

IRON 

The amounts of iron in plant materials are very variable. 
While 1 0-250 mg. per kg. of dry matter is not an uncommon 
range the leafy parts of plants may contain up to 1,000 mg. 
per kg. The latter quantities hardly justify the inclusion of 
iron among the trace elements. Its determination is con- 
sidered here, however, since all the remarks regarding the 
special precautions to be observed to avoid contamination dur- 
ing sampling and analysis apply with equal force for iron. 

Owing to the considerable amount of iron in normal soils, 
care must be exercised to exclude iron from this source during 
the taking of the sample. Grinding of samples in a steel mill 
can also lead to erroneously high values. Grinding in a Wiley 
mill, in one example reported, increased the iron content by 
30 mg. per kg. Small amounts of iron are of widespread oc- 
currence in ordinary distilled water, concentrated acids and all 
commercial reagents. Suitable precautions must be taken to 
avoid errors from these sources (p. 305). 

Iron in plant materials is most conveniently determined 
colorimetrically, using either the red colour produced when a 
ferric salt reacts with thiocyanate or that produced by ferrous 
salts with aa'-dipyridyl. Both methods are very sensitive and 
can detect amounts of 1—1 0 micrograms of the element. 

In the thiocyanate method ferric thiocyanate is formed by 
the addition of potassium thiocyanate to a ferric salt in dilute 
acid solution. The colour of the ferric thiocyanate is proper- 
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tional to the amount of iron present. The colour comparison 
is facilitated by extracting the ferric thiocyanate with amyl 
alcohol. The colour of the amyl alcohol layer is then com- 
pared with that of standards prepared under the same con- 
ditions. 

The colour of ferric thiocyanate is affected by the hydrogen 
ion concentration so that it is important that both the stan- 
dard and the unknown colours be developed under comparable 
conditions. Orthophosphates, in the amounts present in plant 
; ash, do not interfere with the determination but small amounts 
of pyrophosphate seriously reduce the intensity of the colour 
1 produced, due to the formation of slightly ionized ferric pyro- 
j phosphate. Pyrophosphates are not formed during methods 
j of wet digestion, but after all methods of dry ashing they must 
be completely hydrolyzed, by boiling in dilute acid solution. 
The colour of ferric thiocyanate is also reduced by excessive 
I amounts of sulphates. Nitric and hydrochloric acids do not 
I interfere with the determination but the nitric acid must be 
I completely free from nitrous acid. 

j In the dipyridyl method, originally proposed by Hill ( 5 ) 

i for the determination of iron in biological materials, use is 
made of the intense red colour which is produced when ferrous 
I salts react with aa '-dipyridyl. The colour is almost specific for 
! ferrous iron and is very stable. Standard colour solutions re- 

■ main unchanged for at least 48 hours; if protected from oxi- 
j dation in sealed tubes they can be kept indefinitely. Thecom- 
I plex formed by ferrous salts with an '-dipyridyl is much more 

stable than ordinary ferrous salts; it is only oxidized by rela- 
tively powerful oxidizing agents. The colour is produced by 
I iron in the ferrous condition. If ferric salts are present, they 
must first be reduced to the ferrous state by the addition of a 
suitable reducing agent. For this purpose Hill used sodium 
hyposulphite (hydrosulphite) but Parker and Griffin (13) 

' prefer ^-hydroxyphenylglycine. This latter reducing agent 

■ is readily available as the photographic developer “Glycin.” 

I In the presence of an excess of ipyridyl, the colour of the 

t ferrous dipyridyl complex is constant over the pH range 

! 3 * 5—8 ‘5. In solutions more acid than pH 3 ‘ 5 it is partly or 

j wholly dissociated so that the full colour is not developed. 
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The determination is most conveniently carried out in an 
acetate buflFer solution, since ferrous iron can be readily kept in 
solution in such a solution. Details of Parker and Gr iffin V 
method are given on p. 342. 

The Determination of Iron: Thiocyanate Method. 

Reagents: 

Concentrated. Sulphuric Acid. Redistil from pyrex glass 
(p.306). 

Concentrated 'Nitric Acid. Redistil from pyrex glass 
(p. 306). 

Perchloi'ic Acid. S.G.1'54. Redistil from pyrex glass 
(p. 306), or select a high grade reagent sufficiently low in iron. 

30 per cent. Hydrogen Peroxide. High quality reagent 
grade. 

6N Hydrochloric Acid. Redistil from pyrex glass 
(p. 306). 

Potassium Thiocyanate. Dissolve 20 g. of the purest 
potassium thiocyanate in water and dilute to 100 ml. 

Amyl Alcohol. Reagent grade. 

Standard Iron Solution. Dissolve O' 7022 g. of pure 
ferrous ammonium sulphate [FeSO 4 .(NH 4 ) 2 S 04 . 6 H 20 ] in 
about 100 ml. of water and 10 ml. of concentrated sulphuric 
acid, in a silica basin. Add 5 ml. of concentrated nitric acid, to 
oxidize the ferrous salt to ferric sulphate. Heat gently, to 
expel oxides of nitrogen, transfer to a 1 litre volumetric flask 
and, when cold, dilute to the mark. This solution is stable in- 
definitely and contains 100 micrograms of iron per millilitre. 
From this solution prepare a more dilute standard, containing 
1 microgram of iron per millilitre, by diluting 1 0 ml. to 1 litre 
and adding 15 ml. of concentrated sulphuric acid before ad- 
justing to volume. 

Method: 

Digest 1 g. of plant material with nitric, sulphuric, and 
perchloric acids by the method given on p. 272. Use 3 ml. of 
perchloric acid and 2 ml. of sulphuric acid. After the sul- 
phuric acid digest has been fumed strongly for 2-3 minutes 
remove from the heater and when sufficiently cool add, drop 
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by drop, 1 0 drops of hydrogen peroxide. Again heat to fum- 
ing for about one minute. Dilute the digest with 50 ml. of 
water, add 5 ml. of constant boiling point hydrochloric acid 
! and boil for 30 seconds, keeping the flask agitated to prevent 
bumping. Without filtering off the silica, transfer the diluted 
digest to a 1 00 ml. volumetric flask and, when cold, dilute to 
volume. 

By means of a pipette transfer a suitable aliquot, usually 
10 ml., to a 50 ml. stoppered test mixer. Add one drop of 
nitric acid (free from nitrous acid) and dilute to 45 ml. Add 
10 ml. of amyl alcohol, accurately measured, and 5 ml. of 
potassium thiocyanate solution. Shake the cylinder vigorously 
for 30-40 seconds to extract the ferric thiocyanate into the 
amyl alcohol phase, then set aside to separate. 

When the supernatant amyl alcohol layer is clear compare 
its colour, by means of a colorimeter, with that of a suitable 
standard, prepared as described below. For withdrawing the 
' 'amyl alcohol layer the pipette shown in Fig. 1 8 is most con- 
i' venient. 

' 

To prepare standard colour solutions for comparison, 
pipette suitable amounts of the standard iron solution, corres- 

I ponding to 3-10 micrograms of iron, into 50 ml. stoppered 
test mixers. If the volume taken is less than that of the 
aliquot of the unknown, dilute to this volume with dilute sul- 
phuric acid (1 5 ml. of sulphuric acid per litre) so that the av’d 

( concentration of the standard and unknown will be compar- 
able. Add one drop of nitric acid, dilute to 45 ml. then add 
10 ml. of amyl alcohol and 5 ml. of potassium thiocyanate, 
exactly as in the unknown. Shake vigorously and, when clear, 
use the amyl alcohol layer. Prepare the standard solutions at 
the same time as the unknowns. 

Alternative ISA. ethod: 

Ash 1 g. of plant material and remove the silica with hyd- 
rofluoric acid by the method described on p. 267, using the 
^ smallest amount of hydrofluoric acid possible. Dilute the solu- 
; tion of the ash (in 1 0 ml. of hydrochloric add and 20 ml. of 

5 water) to 60—70 ml. and digest, under a clock glass, on the 

j water bath for at least one hour, to ensure hydrolysis of any 
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pyrophosphates which would otherwise interfere. Transfer 
the solution to a 1 00 ml. flask and when cold dilute to volume. 
Using a suitable aliquot, continue with the determination 
exactly as described for the first method. 

For the standard solutions used for the colour comparison 
hydrochloric acid must be used in place of most of the sxil- 
phuric acid. Prepare the diluted iron standard solution by 
diluting 10 ml. of the stronger stock solution to 1 litre using 
100 ml. of constant boiling-point hydrochloric acid (6N) in- 
stead of 1 5 ml. of sulphuric acid. Likewise, when preparing 
the standard colour solutions, adjust the volume of the stan- 
dard iron solution to that of the aliquot of the unknown with 
dilute hydrochloric acid (100 ml. of 6N hydrochloric acid per 
litre) so as to maintain comparable acidities throughout. 

The Determination of Iron: Dipyridyl Method. 

Reagents: 

Concentrated Sulphuric Acid, Redistil from pyrex glass 
(p. 306). 

Concentrated Nitric Acid. Redistil from pyrex glass 
(p. 306). 

Perchloric Acid S.G. 1’54. Redistil from pyrex glass 
(p. 3 0 6) , or select a high grade reagent sufficiently low in iron. 

Concentrated Ammonia. Dissolve ammonia gas in water. 

p-Hydroxyphenylglycine. Dissolve 0 ' 1 g. of ;p-hyd- 
roxyphenylglycine (photographic “Glycin”) in 100 ml. of 
0'4N sulphuric acid. 

aa -Dipyridyl. Dissolve 0'2 g. of aa '-dipyridyl in 100 
ml. of 1 0 per cent, acetic acid. 

N Ammonium Acetate. Dissolve about 70-80 g. of re- 
agent grade ammonium acetate in water or prepare a solution 
from redistilled acetic acid and concentrated ammonia 
(above). The solution should have a reaction of about 
pH 6'4. 

Standard Iron Solution. Dissolve O' 7022 g. of pure 
ferrous ammonium sulphate in water, add 10 ml. of concen- 
trated sulphuric acid and dilute to 1 litre. This solution con- 
tains 1 00 micrograms of iron per millilitre. From this solution 
prepare a more dilute standard, containing 5 micrograms per 
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: millilitre, by diluting 50 ml. to 1 litre and adding 10 ml. of 

concentrated sulphuric acid before adjusting to volume. 

Method: 

\ Digest 1-2 g. of plant material with nitric, sulphuric, and 

,i perchloric acids, by the method given on p. 272. Use 3 ml. of 

I perchloric acid and 2 ml. of sulphuric acid. After the sul- 

I phuric acid digest has fumed strongly for 2-3 minutes, remove 
it from the heater and, when cool, dilute it with about 50 ml. 
of water. Boil for 15-30 seconds, keeping the flask agitated 
to prevent bumping. Transfer the diluted digest to a 100 ml. 
volumeti'ic flask and, when cold, dilute to volume. 

Filter the solution through a dry 9 cm. Whatman No. 44 
filter paper, collecting the filtrate in a dry 100 ml. Erlenmeyer 
flask. Discard the first runnings. By means of a pipette, trans- 
fer a suitable aliquot, containing 10-100 micrograms of iron, to 
, a 50 ml. volumetric flask. Add 0 ‘ 5 ml. of 5 J>-hydroxyphenyl- 
\ glycine and 1 • 0 ml. of aa'-dipyridyl. Then add concentrated 
ammonia, carefully, until the red colour of ferrous dipyridyl 
i just appears. Dilute nearly to volume with N ammonium 
acetate solution and, when cold, adjust exactly to volume with 
I this solution. 

I By means of a colorimeter compare the colour developed 

1 with that of a standard colour solution containing approxi- 
mately the same amount of iron. To prepare suitable colour 
i solutions pipette 2-20 ml. portions of the standard iron solu- 

! tion into 50 ml. volumetric flasks, add O' 5—1 ml. of concen- 

j trated sulphuric acid and dilute to about 30 ml. Then add 

;p-hydroxyphenylglycine, aa'-dipyridyl and concentrated am- 
monia exactly as in the actual determination. Finally dilute 
to volume with N ammonium acetate and mix well. 

Instead of an ordinary colorimeter the colour may be 
measured by means of a photo-electric instrument. In this 
case prepare a calibration curve, connecting percentage light 
transmission with amount of iron present, from the readings 
obtained from several standard colour solutions. 

MANGANESE 

Plant materials contain manganese in amounts usually vary- 
j ing from 10-150 mg. per kg. It is frequently present in suffi- 
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dent quantity to give a pink colour to the plant ash on acidi- 
fying it, or to the sulphuric-perchloric acid digest of plant 
material. In general plants growing on acid soils contain more 
manganese than those on neutral or alkaline soils. 

By spectrochemical methods manganese can be determined 
in plant ash when present to the extent of one part per 1 00,000. 
Since this corresponds to an amount of the order of 1 mg. per 
kg. of original dry matter, this determination is sufficiently 
sensitive to give accurate values. 

The chemical determination of manganese in plant material 
is based on its oxidation to permanganate, the colour of which 
is proportional to the amount of manganese present. The 
method is both sensitive and accurate. As little as 20 micro- 
grams of manganese can be determined, if Nessler tubes are 
used for the colour comparison. When using a colorimeter, 
about 0‘25 mg. of manganese in a SO ml. flask gives a very 
suitable colour, but amounts from 0 • 1 mg. to 1 mg. can be 
satisfactorily determined. For larger amounts the colour 
should be developed in a larger volume of solution. 

Significant amounts of manganese are frequently retained 
in the insoluble siliceous residue of the ash, if organic matter 
is destroyed by dry ashing. These amounts must be recovered 
by solution in hydrofluoric acid. No such retention occurs in 
the wet digestion with sulphuric, nitric and perchloric acids and 
this method is strongly recommended for the destruction of 
organic matter. 

^ Manganese is oxidized to permanganate in acid solution, 
either by means of ammonium persulphate, in the presence of 
a silver salt, or by potassium periodate as in Willard and 
Greathouse’s method (19). If ammonium persulphate is used 
the true permanganate shade is not always developed and this 
makes colour matching with that of the standard difficult. 
Pure colours are always produced in the periodate method. 
When developed by this method the permanganate colour is 
very stable. If not exposed to direct sunlight or to reducing 
vapours, its intensity will remain unchanged for three months 
in the presence of a small excess of periodate. 

Very few substances interfere with the accuracy of the de- 
termination. Reducing substances must, of course, be com- 
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pletely absent otherwise iodine will be liberated from the 
periodate. Chlorides, if present, should be removed by evapo- 
ration with nitric acid to avoid the use of excessive amounts of 
potassium periodate in their oxidation to chlorine. Small 
amounts of iron interfere, since the coloured ferric salts affect 
the shade of the permanganate and make exact colour match- 
ing difficult. This source of interference can, however, be 
overcome by the addition of phosphoric acid since ferric phos- 
phate is almost colourless in cold solution. 

A sufficient concentration of free acid must be maintained 
during the development of the colour, otherwise some of the 
manganese may be precipitated as hydrated dioxide, and so 
escape oxidation to permanganate, particularly if much man- 
ganese is present. Small amounts of phosphoric acid are very 
effective in preventing this precipitation. The total acidity 
should be kept within the limits prescribed in the method. In 
the presence of too little or too much acid the colour is slow 
in appearing. However, once the colour has started to appear 
it develops rapidly and further boiling for 1—2 minutes ensures 
its maximum intensity. During this time water should be 
added to prevent excessive increase of concentration of the 
acid by evaporation of the solution. 

If much calcium is present it may not be possible to keep all 
the calcium sulphate in solution in the final colour solution. If 
this is so it should be centrifuged or filtered through a dry 
sintered glass funnel, so as to obtain a clear solution for the 
colour comparison. The substitution of phosphoric acid for 
sulphuric acid, used in the dry ashing method given on p. 263, 
eliminates the formation of sparingly soluble sulphates and 
clear solutions are obtained. 

Partial fading of the permanganate colour sometimes occurs 
when the nitric-sulphuric-perchloric acid digestion has been 
used but this can be completely prevented by the use of am- 
monium persulphate in the final stages of the digestion. The 
addition of hydrogen peroxide at this stage will also prevent 
this source of error. 

The amounts of manganese occurring in distilled water and 
good quality reagents are very small. It is not necessary to 
redistil the acids or recrystallize other reagents before use. 
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The heating o£ all solutions in the water bath after nearly full 
dilution eliminates possible errors from any traces of reducing 
substances in the distilled water. 

The Determination of Manganese: Periodate 
Method. 

Reagents: 

Concentrated Sulfhmic Acid. 

Concentrated Nitric Acid. 

Perchloric Acid S.G. 1' 54. 

Phosfhoric Acid S.G. 1 '70. 

Ammonium Persulfhate. Dissolve 20 g. of ammonium 
persulphate in warm water and dilute to 1 00 ml. Prepare this 
solution immediately before use. 

Potassium Periodate. 

Standard Manganese Sulfhate Solution. Dissolve 
0’5756 g. of pure, dry potassium permanganate in about 500 
ml. of water in a 2 litre volumetric flask. A.dd 40 ml. of con- 
centrated sulphuric acid and reduce the permanganate, by the 
careful addition of sodium metabisulphite solution, until the 
manganese solution just becomes colourless. Oxidize the ex- 
cess of sulphurous acid by the addition of a little nitric acid. 
When cool dilute to 2,000 ml. and store in a stoppered reagent 
bottle. This solution contains 0 ‘ 1 mg. of manganese per milli- 
litre. 

Method: 

Digest 2-10 g. (usually 5 g.) of material with nitric, 
sulphuric and perchloric acids as described on p. 272. For this 
digestion use 5 ml. of sulphuric acid and 4 ml. of perchloric 
acid. When the organic matter has been destroyed and the 
digest has been fumed for 2-3 minutes at the full heat of the 
hot plate remove the flask and allow to cool. When cool add 
5 ml. of freshly prepared ammonium persulphate solution, 
return the digest to the hot plate, heat again to fuming and 
fume strongly for five minutes. 

When cool add 2 ml. of phosphoric acid and 35—50 ml. of 
warm water. Filter through a 9 or 1 1 cm. Whatman No. 44 fil- 
ter paper and wash welt with hot water. Collect the filtrate in a 



Alternative Method: 

Ash 2-10 g. (usually 10 g.) of oven-dry material, fol- 
lowing the details of the method given on p. 263 as far as the 
solution of the ash in hydrochloric acid and the evaporation to 
render the silica insoluble. From this point proceed as follows: 

To the dried salts in the silica basin, add 5 ml. of concen- 
trated nitric acid and 25 ml. of water. Warm until all the salts 
are in solution and filter through a 9 cm. Whatman No. 44 
filter paper, collecting the filtrate in a 100 ml. silica basin. 
Wash well with warm water. Evaporate the filtrate to dryness 
on the water bath to remove chlorides. 

Transfer the filter paper containing the insoluble residue to 
a platinum basin and ignite it carefully, to remove the filter 
paper and any carbonaceous residues remaining. Moisten the 
ignited residue with water and add sufficient hydrofluoric acid 
(3-1 0 ml.) to dissolve the silica. Heat very gently, avoiding 
boiling, until nearly all the hydrofluoric acid has been volati- 
lized. Then add 5 ml. of phosphoric acid and heat more 
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200 ml. silica basin and evaporate it on the water bath until the 
volume is reduced to about 25 ml. Then add one or two glass 
beads to promote even boiling and about 0'3 g. of potassium 
periodate crystals. Boil cautiously over a low flame until the 
colour of permanganate appears. Dilute with 25-35 ml. of 
water at this stage and boil for a further two minutes to ensure 
maximum colour development. Transfer the solution to a 
suitable sized volumetric flask, dilute nearly to volume and 
place in a boiling water bath for 1 5 minutes. When cold dilute 
to the mark and compare the colour against that of a standard 
solution. 

To prepare standard manganese colour solutions pipette 
appropriate amounts of the standard manganese sulphate into 
100-150 ml. volumetric flasks, add 10 ml. of concentrated 
sulphuric acid and 2 ml. of phosphoric acid and dilute each 
solution to about 60 ml. Add about 0‘3 g. of potassium 
periodate and heat in a boiling water bath for about five 
minutes after the appearance of the permanganate colour. 
Dilute nearly to volume and leave in the water bath for a 
further 15 minutes. When cold, dilute to volume. 
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strongly for a few minutes to expel the last traces of hydro- 
fluoric acid When cool dilute with 20 ml. of water and wash 
the solution into the silica basin containing the evaporated 
re.due from thefiltation. Add 0-3 g. of polssium paSte 
and proceed to develop the colotir exactly as described in the 
prevtous method As sulphuric acid is not used, sparinSy 

£ned“’°“” 

Prepare the standard colour solution as previously de- 
scnted, using however, 5 ml. of phosphoric acid to acidify the 
soteion, instead of the mixture of sulphuric and phospLric 

MOLYBDENUM 

According to D. Bertrand molybdenum occurs in the aerial 
portions of plants to the extent of 0 • 5-5 mg. per kg., although 
some fruits and seeds may contain up to 50 mg. pfr kg. pfw 
determinations of these very small amounts of molybdenum 
^ve been made. At the present time it would appear that 
Marmoy s ^nethqd (9) is the most suitable for general use. 

In this method, details of which are given below, molyb- 
denum is determined as thiocyanate, after reduction of any 
chSI^ nl by stannous chloride. The stannoul 

Kv ® prevents interference 

y . The molybdenum thiocyanate is extracted with ether 
from an acid solution of the plant ash and the colour of the 
ethereal solution is compared with a suitable standard. The 
' 1 mierogram of molybdenum. 

Molybdenum can be detected and determined by spectro- 
hemical methods when it occurs in the plant ash to the extent 

’ ‘’‘’■f''- I” ? 1-8= P^oporfon of the sampS 
^ ^ amounts of molybdenum do not reach this value 
tion L undeterted. For its spectrochemical determina- 
Hm^nrir,?T It IS necessary to use some means of pre- 
tion concentration. For this purpose precipita- 

tion with 8-hydroxyquinoline, in the presence of iron and 

SnrTw t”" rarriw, IS sometimes advocated. Flame excita- 
, , ’ ^ ^ardh s method, is probably more sensitive than 
the arc method but its application is not so convenient. 
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i The Determination of Molybdenum: Marmoy’s 
I Method (9). 

Reagents: 

; , Concentrated Hydrochloric Acid. . S.G.1‘16. 

‘j Potassium T hiocyanate. Dissolve 10 g. of potassium 

thiocyanate in water and dilute to 100 ml. 
i Stannous Chloride. Dissolve 1 0 g. of stannous chloride 

(SnCl2.2H20) in dilute hydrochloric acid (1 +9). Prepare 
I this solution each day that it is required. 

Ethyl Ether. Shake pure ether with one-tenth of its 
volume of a mixture of potassium thiocyanate and stannous 
chloride reagents, immediately before use. 

Standard Molybdenum Solution. Dissolve 0*552 g. of 
ammonium molybdate, (NH4)8Mo7024.4H20, in water and 
dilute to 1 litre. Dilute 20 ml. of this solution to 200 ml. to 
obtain a solution containing 3 0 micrograms of molybdenum 
per millilitre. 

^ Method: 

1 Transfer 2 g. of plant material to a silica basin and ignite 

in a muffle furnace at 45 0-5 0 0 ° C. When cool, moisten the ash 

I with water, add 1 0 ml. of hydrochloric acid, warm and transfer 
to a 1 00 ml. beaker, diluting to about 40 ml. Boil for a few 
minutes and filter through a 9 cm. Whatman No. 44 filter 
fi paper into a 100 ml. graduated flask. Wash with hot water 

i until the volume is about 80 ml., cool and dilute to the mark. 

Transfer an aliquot containing not more than 20 micrograms 
of molybdenum (usually 50 ml.) to a separating funnel, dilut- 
i ing to 50 ml. if necessary. Add sufficient concentrated hydro- 
chloric acid to make the concentration 7 * 0 ml. of acid in the 50 
ml. of solution. Mix thoroughly and add 3 * 0 ml. of potassium 
thiocyanate and 3*0 ml. of stannous chloride in the order 
' named, shaking between each addition. After one minute add 
10*0 ml. of pure ether from a burette and shake the mixture 
vigorously for about 3 0 seconds, taking care to release internal 
i pressure, without losing any of the solution. When the layers 
; have separated, drain the aqueous layer into a beaker and 
collect the ether in a specimen tube of approximately 1 0 mm. 
j diameter. Return the aqueous phase to the separating funnel 

I ■ ' 

I : '■ 

1 

I ■ ■ ■■■■ ■ 
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and extract again with 5-0 ml. of ether. Collect the ether 
layer with the first extract. If necessary repeat the extraction 
until the ether layer is colourless. Two extractions are, how- 
ever, usually sufficient. ’ 

^ Prepare a standard molybdenum thiocyanate solution bv 
transferring 5 ml. of molybdenum solution, containing 30 
micrograms of molybdenum per ml., to a separating fnmd 
Dilute with water to 50 ml., add 7 ml. of concentrated hydro- 
chloric acid, mix thoroughly and add 3 ml. of potassium thio- 
cyanate and 3 ml. of stannous chloride, exactly as previouslv 
described. Extract with 1 0 ml. of ether and four further por- 
tions each of about 5 ml., collecting the ether extracts in a 25 
mi. volumetric flask. Dilute the combined extract to 25 ml. 

shaken with thiocyanate and stannous 
ciiloride. The solution so prepared contains 6 micrograms of 
molybdenum per millilitre. Protect it to prevent changes in 
concentration as a result of evaporation. This solution cannot 
be kept for longer than a day, 

^ Compare the unknown solution against the standard in the 
following manner. Introduce a suitable amount of ether, 
preyiously shaken with thiocyanate and stannous chloride, into 
a second specimen tube identical with that containing the un- 
kimwn solution _ From a micro-burette add the standard 
molybdenum thiocyanate solution, until the colour matches 
that of the unknown, when viewed from above against a white 
back^ound. The amount of molybdenum added then corre- 
sprads to that present in the original aliquot taken. 

Carry out a blank determination using all the reagents and 
correct for any molybdenum found. 

ZINC 

Zinc commonly occurs in plants to the extent of 5-80 mg. 

k matter. Amounts below 20-25 mg. per kg. are 

probably most frequent. ® 

It has been found in these laboratories that the polaro- 
g-aphic method IS most convenient for the determination of 
the small amounts of zinc that normally occur in plant mate- 
rials. Ihe determination IS rapid and accurate. The amounts 
are nearly always too small to make a direct determination and 
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it is usually necessary to carry out a preliminary chemical sepa- 
ration of zinc, from the bulk of the other inorganic consti- 
tuents, by extraction with a chloroform solution of dithizone 
at pH 9‘ 8. In the procedure recommended, organic matter is 
destroyed by digestion with nitric, sulphuric and perchloric 
acids and the zinc extracted, without removal of the suspended 
silica. The dithizone in the chloroform extract is then de- 
stroyed by means of a further wet digestion with a few drops 
of sulphuric and perchloric acids and the excess of acid ex- 
pelled by volatilization. The residue is dissolved in a measured 
volume of a basal solution of ammonium chloride and potas- 
sium thiocyanate and polarized between potentials of 0 • 8 and 
1 ‘2 volts at the dropping mercury electrode. The current 
flowing is recorded photographically by the polarograph. Its 
increase is proportional to the concentration of zinc in the solu- 
tion being polarized. Copper, lead, nickel, and other metals 
extractable by dithizone may also be present in the final solu- 
tion but they do not interfere with the determination. 

The whole determination is carried out on the micro-scale. 
Using the quantities of reagents specified in the method 
(p. 354) the optimum amount of zinc for this determination 
is about 3-300 micrograms. Over this very wide range the 
accuracy attainable is ± 2 per cent. Amounts smaller than 3 
micrograms can be determined but the accuracy falls off and 
is about ±10 per cent, for one microgram. Amounts as small 
as 0 T microgram of zinc can- be detected. One g. of plant 
material is suitable for all determinations, since 3 micrograms 
of zinc in this amount correspond to 3 mg. per kg. of dry 
matter. 

Most of the precautions to be observed in preventing con- 
tamination with zinc during the determination of this element 
have already been outlined. The avoidance of glassware con- 
taining zinc and the necessity for the use of specially purified 
reagents are again stressed. 

Although zinc is readily extracted from many solutions at 
about pH 8 by a chloroform solution of dithizone, extraction 
is often incomplete at this reaction in the presence of suspended 
silica, such as that derived from the wet digestion of plant 
materials. Under these conditions Walkley (16) has shown 
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that a reaction of pH 9-5-10 is favourable for complete ea 
traction, zinc dithizonate being stable up to pH 10-5 i„ 

presence of an excess of dithizone. ^ m the 
_ The spectrochemical method for the determination of zinc 
m plant ash is not very sensitive unless a line (2138-6 ^ vTn 
the ultra-violet region of the spectrum is used.' This necessi- 
tates the use of special photographic plates, sensitized to 
^ciation of this wavelength. Under these conations zinc can 
be determined when present in the ash to the extent of about 

rdro? ™ - amount oft 

St J “^^terial. However 

when ordinary photographic plates only are available, the most 

( 5 A) and, unless zinc is present in moderately laree 

amounts, it then escapes detection altogether. Using this line 
It IS nece^ary to have about 1 00 parts of zinc per million parts 

^ This corresponds to about 1 0 

mg. per kg. m the original dry matter of the plant In 
arnounts above this threshold value zinc can be detSted with 
the usual Spectrochemical accuracy (p. 31 1 

of fS determination of small amounts 

o± zinc fail to approach the polarographic method, either in 
convenience or accuracy. They requke consideraCwr 

° X uiuch more manipulation. The usual 

methods of ejraction with dithizone lack specificity, since 

S r ^ form coloured complexes 

with this reagent under the conditions favourable for the ex- 
traction of zinc. Zinc can be determined, after the separation 
extraction wkh dithizone from an ammoniacal 

hv V dithizonate to sulphate, 

b^ digestion with nitric, sulphuric and perchloric acids. The 

S! T i?" determined micro-volumetrically, titrating 
the ^^’^^’Jted from potassium iodide by zinc sulphate in 
p esence of ferricyanide according to the reaction* 

3 ZnS 04 + 2KI + 2KaFe(CN)e =Zn 3 K.(Fe(CN)e). -t- 

3 K 3 SO 4 + I 2 

Iwf liberated iodine. 

ml. of 0 002N thiosulphate corresponds to 1 96 micro- 
grams of zinc the method is not capable of determining small 
amounts of zinc with great accuracy. 
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The method of Cowling and Miller (3) is much more pro- 
mising since it enables the determination of 5-30 micrograms 
of zinc. It is a photometric mixed colour method based on 
the extraction of all “dithizone” metals from a solution of the 
plant ash, separation of zinc and other metals from copper, by- 
shaking with 0*02N hydrochloric acid, and re-extraction of 
the zinc from this solution with dithizone, under controlled 
conditions, and in the presence of sodium diethyldithiocarba- 
mate. The latter compound forms stable competitive com- 
plexes with all the metals present except zinc so that, in the 
second extraction with dithizone, zinc is the only metal which 
passes into the dithizone-carbon tetrachloride phase. How- 
ever, the whole of the zinc is not extracted j a little remains in 
the aqueous phase as carbamate. The conditions of extraction, 
particularly the hydrogen ion concentration, concentration of 
carbamate and the volumes of the aqueous and tetrachloride 
phases, must therefore be accurately controlled and repro- 
duced in the standard used for comparison. The percentage 
light transmission of the zinc dithizonate is determined, with- 
out removal of the excess of dithizone, in a photo-electric 
colorimeter, using a suitable light filter. The amount of zinc 
is obtained from a standard curve connecting light transmis- 
sion and the amount of zinc present. Cadmium is the only 
metal likely to interfere with the determination, since it is 
partly extracted in the dithizone phase. It may, however, be 
present in amounts up to half that of the zinc, before serious 
error occurs. 

The method can be modified to a one colour method by re- 
moving the excess of dithizone from the final extract, by shak- 
ing it with dilute ammonia. When this step is included an 
ordinary colorimeter can be used to determine the intensity of 
the colour of the zinc dithizonate remaining. However, this 
modification makes the method less specific for zinc. High 
values are obtained, owing to partial decomposition of lead 
diethyldithiocarbamate in ammoniacal solution and conversion 
to dithizonate. 

The method, as outlined by Cowling and Miller, does not 
ensure complete extraction of the zinc from the insoluble 
siliceous residue of the plant ash. Provided that the method 
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factoy values for the atSIunts of riSS S 
Details for this procedure are given on p. 359. 

The Determination of Zinc: Walklev»« p^i 
graphic Method ( 17 ). '^aikley s Polaro- 

Reagents: 

(p. R'M from pyrex glass 

(p. 305 )“”“’-^ Redistil from pyrex glass 

(p. Pyte=t glass 

see tSr *e Purification of this reagent 

fromp™x°gk”and®:d^i^ 

tilled EufiXhol of 

dithi “e S°500^'^S°^r ^ 8- of commercial 

anmzone m 500 ml. of chloroform and store in a refrigerator 

;«n I'r n^"t “irr ‘*-0 0°“- of 'ie 

in Bufer. Dissolve 5 g. of citric add 

LTwilh 1 0 m W / Tf""" r ammoma. Shake twice 

chloroform each" timV^ chloroform only, again discarding the 
cnioroiorm e^h t me. The solution has a pH value of 10-7 

dSo'ivedT k “ s” '’'^®o+ ‘“‘“”0 which LI 

onii I * ’ dithizone oxidizes fairly rapidly in 

dS iddLXLm “o 7 pt^pote a stock miMurl of 

it is renutS^ rTi""* P“f fl' e"®cient on each day that 
fLLTc afk Pt=Peted in this way the reagent is free 

irom zmc and 25 ml. of .t contains suffident dithixSne for the 
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quantitative extraction of at least 350 micrograms of zinc from 
a plant digest, by the method given below. 

B&sd Solution of O'lM Ammonium Chloride, O'OZM 
Potassium Thiocyanate and O' 0002 far cent. Methyl Red. 
Dissolve 5 ‘35 g. of ammonium chloride and 1 '94 g. of potas- 
sium thiocyanate in water, add 5 ml. of a O’ 04 per cent, 
aqueous solution of methyl red and dilute to 1 litre. Good 
quality reagent grade salts can generally be used for this solu- 
tion without further purification. 

Standard Zinc Sulphate Solution. Dissolve 2 ’875 g. of 
crystalline zinc sulphate (ZnS 04 . 7 H 20 ) in water and dilute 
to 1 litre to give a O’ 01 M solution. Check the zinc concentra- 
tion, by precipitation as zinc ammonium phosphate. From this 
solution prepare a more dilute standard, O’OOIM in zinc sul- 
phate in a basal solution of the same composition as that stated 
above. ! 

Mercury. Shake the best reagent grade of mercury with 
redistilled nitric acid (1 +20), wash with water and dry. 
Treat residues from the electrolysis cell in the same manner. 
Mercury purified by this treatment is sufficiently pure for the 
anode pool in the electrolysis cell. Purify all mercury required 
for the cathode by distillation at reduced pressure after the 
preliminary acid treatment. 

Hydrogen. This must have a low oxygen content. Com- 
mercial supplies which have been prepared electrolytically are 
generally suitable. 

Apparatus: 

Polaro graph. This should be either a photographic or a 
pen-recording type. A current-compensator, for annulling 
the effect of the condenser current, is advisable if the instru- 
ment is to be used at its maximum sensitivity. 

It is convenient to work in a room, thermostatically con- 
trolled at about 20° C., or to enclose the electrolytic cell in 
some form of air thermostat. If the internal-standard method 
is to be employed, however, no temperature control is 
necessary. 

Glassware. In the course of each determination only four 
vessels are required. These are: 
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bottom^/^ digestion flask, preferably flat 

^ (2) A 100 ml. pear-shaped separating funnel with short 

stem* No lubricant is used on the stopcock. 

collecting the chloroform extracts 

changeable ground glass stopper, has proved most convenient 
It IS sufficiently wide-mouthed to facilitate the evaporation of 
the chloroform extract and the acids used for digesting the 
latter i it also serves to contain the final 1 ml. of solution before 
transference to the polarizing cell. 


t* r vessel and gas train used in the poWrapliic deter- 
mination of zinc. (After A. WalMe7 ( H ) ) . P^^^^ograpiiic aeter- 

g s tram (hig. 1 9). The narrowest part of the cell has an in- 

the deoth"!!? ?h i- ^ 0-4 ml. of solution 

the depth of the liquid is about 8 mm., which is quite sufficient 

Tf the- cathode. For routine work it 

^ advisable to have two gas trains and four to six electrolysis 



The cathode can be prepared by drawing out a length of 
capillary tubing (O'S mm. bore) until the bore is reduced to 
about 0 • 05 mm., but such capillaries are apt to be somewhat 
fragile. Capillary tubing of fine and uniform bore (about 
()-05 mm.) can now be purchased and it is preferable to use 
this for the cathode. Such tubing does not require to be drawn 
out further. After several trials it is comparatively simple to 
cut olF a length which will give the desired drop rate. 


Method^: 

Digest 1 g. of plant material with nitric, sulphuric and 
perchloric acids by the method described on p. 274. If pre- 
ferred, 2 ml. of purified sodium perchlorate may be used, in- 
stead of the perchloric acid. There is no need to increase the 
amount of sulphuric acid, as 1 ml. is ample. 

When the digestion is completed, cool, add 1 5 ml. of water, 
and bring to the boil over a porcelain Bunsen burner, keeping 
the flask agitated to prevent bumping. When cool add 25 ml. 
of the ammonium citrate bufiFer solution and cool again. This 
gives a reaction of approximately pH 9 ' 8. 

Add about 5 ml. of chloroform to a 100 ml. separating 
funnel, pour in the neutralized digest and rinse the digestion 
flask two or three times, using about 1 0 ml. of water in all. 
Shake the contents of the separating funnel vigorously for 
about one minute and then allow to stand while the next 
samples are being shaken. Run off as much of the chloroform 
layer as is possible, without allowing any of the aqueous layer, 
or the silica which collects at the interface, to enter the bore of 
the stopcock. Repeat the extraction with two further lots, each 
of 5 ml. of chloroform and collect all the separated fractions 
in the small straight-sided bottle. If the whole of the zinc has 
been extracted, the final extract will be green. If it is any shade 
of blue, purple or red, continue the extractions until a pure 
green is obtained. For all plant samples examined,’ three ex- 
tractions have always been found sufficient. 

Evaporate the chloroform extracts to dryness over a hot 
plate at low heat, preferably with the assistance of some form 
of forced draught. Avoid boiling, since this always leads to 
bumping. When dry, add 2 '5 ml. of nitric acid. O' 5 ml. of 
perchloric acid and 2 drops of sulphuric acid and heat again 
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Keep the temperature as high as possible, but avoid boilino- 
and evaporate until the sulphuric acid is fuming stronelv 
Since It IS difficult to expel all the acid, without overheati/g 
the bottom of the vessel, it is preferable to finish the evanora- 
tion by placing the bottle in a muffle furnace, fitted with a 
sleeve of sheet aluminium, to avoid contamination from anv 
particles dropping from the top of the muffle. After heatinv 
for 2-3 minutes at about 300-350° C., cool the bottle to room 

^ ^hite residue 

should be visible on the bottom. 

By means of a pipette add 1 ml. of the basal solution (am- 
monium chloride, potassium thiocyanate and methyl redl 
paying strict attention to the draining time of the pipette, and 
stopper the bottle. This solution dissolves all of the zinc 
Within a minute or two. 

dril? electrolysis cell, which has been thoroughly 

dried, add sufficient mercury (approximately 0 • 3 ml.) to form 
the anode pool and then pipette in approximately 0*4 ml of 
the solution to be polarized. Put the capillary (cathode) into 
positioii and pass a slow stream of hydrogen through the liquid 
or 5 minutes. Then turn off the hydrogen, note the tempera- 
vr.1t<="^P the electrode and apply a polarizing potential of 0 • 8 
1 2 volte^'^^'^^ current-voltage curve over the range O'S- 

_ The relation between step-height and concentration of zinc 
in the sdution being polarized is linear over the range 3-300 
calibrating factor, take several measure- 
ments of the step-height of the standard 0 • 00 1 M zinc solution 
at 20 C. and add or subtract 1 •? per cent, for each degree C. 

f step-height of the ^laro- 

temperature in the 
7 /' ^^J^uiate the zinc concentration from the cor- 
rected step-height by simple proportion. 

reaaenZ ^ determination on the same amounts of 
0 ^0 tjA should not exceed 

to “^trol is possible it is of advantage 

0 u«e a basal solution containing a known amount of cadmium 
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and then to calculate the zinc content from the ratio of the zinc 
and cadmium steps. This ratio is independent of temperature 
change over the range 10-35° C. When using this internal- 
standard method make up the basal solution with potassium 
thiocyanate and ammonium chloride as before but add cad- 
mium sulphate to give a cadmium concentration of0‘00025M. 

This concentration is suitable for determining zinc contents 
ranging from 5-75 p.p.m. 

The Determination of Zinc: Photometric Method. 

This method is essentially that of Cowling and Miller (3), 
modified to ensure complete extraction of the zinc from the 
siliceous residue. 

Reagents: 

In addition to the concentrated redistilled acids and the 
ammonium citrate buffer solution used in the previous method, 
the following reagents are required: 

N Ammonium Hydroxide. Dissolve ammonia gas in 
glass distilled water and dilute to the proper strength. 

O'OZN Hydrochloric Acid. Dilute redistilled hydro- 
chloric acid with water and standardize to within one per 
cent. 

Carbon T etrachloride. Redistil a good quality commer- 
cial grade carbon tetrachloride (sulphur free), using a pyrex 
glass distillation apparatus with fractionating head. Keep the 
redistilled product in the dark. 

Dithizone in Carbon T etrachloride. Prepare this solu- 
tion exactly as described on p. 332 but dilute the final tetra- 
chloride solution of purified dithizone to a volume of 2,500 
ml. Store in a pyrex glass reagent bottle in a refrigerator at 
2-5° C. 

O' 5M. Ammonium Citrate Solution. Dissolve 210 g. of 
citric acid in about 1,500 ml. of water. Add concentrated am- 
monia until the solution has a pH of about 8 '5— 8 *7, when a 
small portion is tested in a comparator, using cresol red as in- 
dicator. Dilute to approximately 2 litres, filter, if necessary, 
and transfer to a large separating funnel. Shake with an excess ■ 

of dithizone reagent and separate the tetrachloride phase. An 
excess of dithizone is indicated by a yellow to orange colour in 
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the aqueous phase after shaking. Wash the aqueous phase bv 

shaking with two or three portions, each of 1 00 ml., of carbon 
tetrachlon<fe, separating and rejecting the tetrachloride chase 
each time. Repeat this washing until the extract is a pure iin 
colour, indicating complete extraction of all heavy metal im 

purities. Store the purified ammonium citrate in a pyrex re' 
agent bottle. rc- 

Soitmn piethyldithiocarbamate. Prepare this solution 
immediately before use. Dissolve 0-25 g. of sodium diethyl- 
dithiocarbamate in water and dilute to 1 00 ml. 

Mixed Reagent A. Dilute I litre of 0'5M ammonium 
citrate and 300 ml. of N ammonium hydroxide with 3,200 ml 
of water. Immediately before use dilute 9 volumes of this 
aminonia-ammonium citrate solution with one volume of 
treshly prepared carbamate reagent, to give a suificient quan- 
tity of “Mixed Reagent A” for one series of determinations. 

_ Standmp Zmc Sulfhate. Place 0 • 1 00 g. of pure zinc foil 
in a litre volumetric flask, add about 200 ml. of water and 10 
ml. of concentrated sulphuric acid. Heat on a water bath until 
the zinc is completely dissolved, cool and dilute to 1 litre 
Store in a stoppered pyrex reagent bottle. This solution con- 
tains 100 micrograms of zinc per millilitre. To prepare a 
working standard dilute 1 0 ml. of this solution to 1 litre and 
store in a pyrex reagent bottle. One ml. of this diluted stand- 
arci corresponds to 1 microgram of zinc. 

NLethod: 

Digest 1 g. of plant material and extract the metal dithi- 
zonates with chloroform, at pH 9 • 8, exactly as described in the 
ast method, (r 3 5 7) . In order to reduce the concentration of 
the ammonia dissolved in the chloroform phase, thoroughly 
wash each extract as it is obtained by shaking it with 50 ml. of 
water, in a second separating funnel. Use the same portion of 
water for washing all three extracts but run off the chloroform 
phase, each time, before adding the next extract. Collect and 
com me t e chloroform extracts in a third separating funnel, 
into which 50 ml. of 0 • 02N hydrochloric acid have been pre- 
viously pipetted. Shake for minutes and aUow to separate. 
Ihen run off the chloroform phase as completely as possible, 



DETERMINATION OF THE TRACE ELEMENTS 361 

shaking down the drop of chloroform from the surface of the 
liquid. Do not let any of the aqueous phase enter the bore of 
the stopcock. The chloroform phase contains the copper and 
dithizone and is discarded. Rinse the aqueous phase by shaking 
with one lot of 5 ml. and one lot of 2 ml. of carbon tetra- 
chloride to remove the last of the chloroform and dithizone 
from the separating funnel. Shake down the drop from the 
surface of the liquid each time and run out the tetrachloride as 
completely as possible. Remove the stopper from the separat- 
ing funnel and allow the small amount of tetrachloride on the 
surface of the liquid to evaporate. 

To the aqueous solution in the separating funnel, which con- 
tains the zinc and other metals free from copper, add, by means 
of pipettes, 50 ml. of mixed reagent A and 1 0 ml. of dithizone- 
tetrachloride reagent. Shake vigorously for one minute and 
allow to separate. When the tetrachloride phase is clear, flush 
out the stopcock and stem with 1 ml. or so of it and collect the 
remainder in a dry test tube. 

By means of a pipette, transfer 5 ml. of the carbon tetra- 
chloride extract to a 25 ml. volumetric flask, dilute to volume 
with clear carbon tetrachloride and determine the percentage 
light transmission of the diluted solution with a photo-electric 
colorimeter, using a Corning No. 401 filter, or a spectrophoto- 
meter using a wavelength of about 535 millimicrons. From 
the standard calibration curve read oflF the amount of zinc cor- 
responding to the light transmission found. Correct for any 
zinc found in the blank determination. Make the photometric 
readings within two hours of the final extraction and protect 
the dithizone solutions from light, as far as possible. 

To prepare the calibration curve, connecting percentage 
light transmission with the amount of zinc, proceed as follows: 

Add 5 ml. of chloroform to a separating funnel. Pipette in 
0-30 ml. of the standard solution of zinc sulphate so as to give 
a range of about six amounts of zinc, say 0, 5, 1 0, 1 5, 25 and 30 
micrograms, and if necessary add water to bring the volume to 
30 ml. Then add 30 drops (about 0‘75 ml.) of concentrated 
sulphuric acid and 25 ml. of the ammonium citrate bufiFer solu- 
tion (containing dithizone, p. 354) to bring the reaction to 
about 9' 8. 
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Extract the zinc, and carry out the steps for the removal ( 

copper and the re-extraction of the zinc in exacdv ^ ^ 
manner as m an actual determination, paying Sct ^l T® 
to the volumes of solutions used throughout Finallv measn°“ 
the light transmission of the diluted dithizone exfrSto ! 
construct the calibration curve. Once this curve haJhT^ 
pared it can be used for all subsequent dete^ P""; 
out under precisely the same conditions. ’ arried 
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Acid treatment, loss on, 60 
Adaptation lag, 1 ^ ^ 

Agar-potassium chloride tubes, 16 
Agar-potassium nitrate tubes, 42 
Aluminium 

in clay fraction, 244 
in hydrochloric acid extract, 

145 

Ammonia-nitrogen, 204 

McLean and Robinson’s 
method, 210 
Olsen’s method, 208 
Ammonium acetate extract 
analysis, 184 
preparation, 171 

Ammonium chloride, method for 
removal with nitric acid, 
172 

Ammonium chloride extract 
analysis, 172 
preparation, 169 
Anion exchange, 190 ^ 

capacity, determination of, 
192 

Antimony electrode, 1 3 
Atterberg plastic tests, 8 1 

Base exchange, sse Cation ex- 
change 

Beaker method of mechanical 
analysis, 7 5 
Buffer solutions, 20 

Calcium 

exchangeable, 160, 172, 183 
in hydrochloric acid extract, 
,147/ 

Calcium carbonate 

Hutchinson and MacLennan’s 

method, 130 

modified Passon’s method, 

: ;';i3'2;'' '■ 

rapid titration method, 135 


: . 



Calomel half cell, 21 
Capillary potential, 81 
Carbon, organic, 213 
Carbonates in water extract, 38 
Cation exchange, 1 54 
Cation exchange capacity 
definition, 164 
determination, 166, 187 
Celite filter aid, 139, 151 
Chlorides, 39 

chromate titration method, 


electrometric titration 
method, 40 
Clay fraction 

analysis for silica, iron, and 
alumina, 244 

separation for silicate analy- 
sis, 239, 241, 243 
Cobaltinitrite method for potas- 
sium, 178 
Colour of soils 

classification, 114 
determination, 115 
Conductivity cells 
dip type, 34 
pipette type, 34 

Conductivity of soil suspensions 
determination, 32 
relationship to soluble salts, 


Depression in the freezing point, 
105 

determination, 107 

Electrical conductivity, 32 
Electrodialysis, 155 
Exchangeable hydrogen 
definition, 164 
determination, 167, 185 
Exchangeable cations, 154 
determination, 168 
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' sH 

Excliangeable cations (cont.) 

, determination in presence of 

soinble salts, 159, 168 
determination in calcareous 
soils, 156 

Scliofield’s rapid method, 189 
Extracts 

ammonium chloride, 169, 

. 172 

ammonium acetate, 171, 184 
hydrochloric acid, I 37 
sodium chloride, 170, 183 
water, 7, 30 

Ferric oxide, free, 230 

biological method, 230 
Drosdoff and Truog’s method, 
233 

Truog^s sodium sulphide 
method, 234 
Field capacity, 91 
determination, 92 
Fine earth, 6 
Frlinkel borer, 2 
Freezing point depression, 105 
determination, 107 

Glass electrode, 1 3 
cleaning, 23 
insulation, 23 
spear type, 27 

Gypseous soils, mechanical analy- 
sis of, 57, 67 

Heat of wetting, 100 
determination, 101 
Humic acid, 215 

Eden’s method, 227 
Hydrazine sulphate, for standardiz- 
ingalkali, 123 
Hydrochloric acid 

standard solutions of, 117 
standardization, 118 
Hydrochloric acid extract, 1 37 
A.E.A, method, 140 
Hall’s method, 139 
Hydrogen electrode, 11 
Hydrogen ion concentration, 8 
at field moisture capacity, 26 


Hydrogen ion concentration (cont.) 

effect, of soil r w^ter .ratio 9 
■ glass electrode method, 1 9 
Luhn s colorimetric method 
28 ’ 
quinhydrone electrode 
method, 15. 

Waite Institute hydrion- 
meter, 29 

Hydrometer method of mechanical 
analysis, 77 

Ignition, loss on, 59 
Indicator solutions, 1 26 
Iron 

in clay fraction, 244 
in hydrochloric acid extract, 
140 

Junction potentials, 10. 

Kahane’s method for sodium, 176 

Lorenz method for phosphates, 

150 

Loss on acid treatment, 60 
Loss on ignition, 59 
Loss on solution, 60 

Magnesium 

determination of exchange- 
able, 160, 172, 183 
in hydrochloric acid extract, 
148 

Manganese 

exchangeable, 163 
in hydrochloric acid extract, 

143 

Mechanical analysis, 47 
betker method, 75 

c>f different sys- 
tems, 50 

correlation with texture, 54 . 

gypseous soils, 57, 67 
hydrometer method, 77 
manganiferous soils, 55, 66 
particle size groups, 49 
pipette method, 59 
^ Troell’s method, 58 
Milli-equivalents, definition, xii. 
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Moisture determination, 59, 
Moisture eqmYalent, 85 ■ 
determination, 89 
Munsell colour discs, 1 1 2 

Nitrates, 202 

determination, 203, 205 
Olsen’s method, 207 
Nitrites, 202, 203 , 

^ Nitrog en, 197 

determination, 200 

Organic carbon, 213 

dry combustion method, 2 1 6 
remo?al of carbonates, 213 
Walkley and Black’s method, 
223 

wet oxidation, 214- 
Organic matter, 213 
Oxalic acid, standard solutions of, 
124 

Particle size groups, 49 
Permanent wilting point, 92 
determination, 94 
pF scale, 80 
Phosphate 

buffer solutions, 20 
determination of exchange- 
able, 195 

Phosphoric acid, in hydrochloric 
acid extract, 1 49 
Pipette method of mechanical 
analysis, 59 
Post-hole auger, 1 • 

Potassium", 

acid phthalate buffer solu- 
tions, 20 

add phthalate, for standardiz- 
ing alkali, 123. 
bi-iodate, for’ standardizing 
. , 'alkali, 122 

chloride, standard solutions 
of, I2'6 , 

exchangeable, 162, 178 
in hydrochloric add extract, 
149 

permanganate, standard solu- 
tions of, 124 


Proctor value, 82 

Quinhydrone electrode, 1 2 
adaptation lag,. 1 3 

Replaceable bases see Cation ex- 
change 

Salts, soluble, see Water soluble 
salts 

Samples, see Soil samples 
Settling velocities of soil particles,. 

50, 70, 76 
Sieves, 49, 50 
Silica, in clay fraction, 244 
Silica: Alumina ratio, 239 
Silica: Sesquioxide ratio, 239 
Silver nitrate, standard solutions of ^ 
125 

Silver: Silver chloride electrode, 41 
Sodium borate 

buffer solutions, 20 
for standardizing acids, 1 1 8 
Sodium carbonate, for standardiz- 
ing acids, 119 
Sodium chloride extract 
analysis, 1 8 3 
preparation, 170 

Sodium, exchangeable, 161, 176 
Sodium hydroxide 

, standard solutions of, 120 
standardization, 121 
Soil colour, 1 1 2 

determination, 115 
field description, 113 
Soil reaction see Hydrogen ion 
concentration 
Soil samples 

composite samples, 2 
field description, 4 
for nitrates and ammonia, 
202 

laboratory preparation, 4 
Soil sampling tools 
Frankei borer, 2 
post-hole auger, 1 
Soil shrinkage, 82 
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Soluble salts, 30 

conductivity rnetbod, 32 
, gravimetric metliod, 36 
removal in cation exchange 
determination, 159 
Solution, loss on, 60 ■ 

Solutions 

buffer, 20 
standard, 1 1 7 
Specific conductivity, 32 
Sticly point, 97 

determination, 98 
Stokes’s Law, 48 
Stones and gravel, 6 
Sulphate 

in ammonium cliloride ex- 
tracts, 182 
in water extracts, 39 


Timesof sedimentation, so 7o. 7 a 

Titanium, in hydrochloric acH 

extracts, 140 

Total soluble salts, Water 
soluble salts 

Veibel solution, 20 

Velocities, settling, 50, 70, 7.6 

Water holding capacity, 82 
determination, 83 

Water soluble salts, 30 
chlorides, 39 
conductivity method, 32 
gravimetric method, 36 

Wetting, heat of, 100 

Wilting point, 92 


